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^;|^ To His Grace 

J H N, 

Duke of Argvle and 

Greenwich, 

Mafter-General of 

His Majesty's Ordnance, ^c. 




^ May it pleaje Towr Grace, 

^3^*3yt**HrE colfedlfon of Trads which 
39( ^8 ^^^^ ^^^^ Volume, containing 
^^v T i0^ fiftfit pfaris (tf Mathcmetlcal 
J '^)9(^(^ knowledge as are properly the 
; c*)«^3J^** ijyjy ^f ^ Soldier, feems to 

claim a kind of privilege, to Your Grace's 
pr6ce£tion, as a General, and Mafter of the 
Ordnance : Nor can there be a greater in- 
duarfnentto the Gentlemen of the Army to 
tegard tfiefe neccflary Qualifications, than 
the Countenance of Your Grace, whole 
great Example they will be juftly ambitious 
to folio w, 

ARMS have been Your early exer- . 
cife, and ARTS Your conftant ftudy : 
So that the eminent Figure Your Grace 

has 



DEDICATION. ; 

has long made, both in. the Field and Senate 
is a topick upon which even a cold Imagina 
cion might with eafe.expatiate : But tho' ju 
Praife, is undoubtedly a grateful Incenfe, ye 
there is a certain delicacy in the Offering, 
which 1 dare not attempt. 

I therefqrc humbly beg pardon for the 
prefumption of this Addrefs, and crave 
leave, with the moft profound relpeft, to 
fubfcribe myfelf, 

Afoy UfkaJeTour Grace^ 

Tour Graces mofi Obedient^ 

And mofi Humble Servant ^ 



Williafn Wehfler, 
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THE 



Author's PREFACE. 

n E I NG obliged by my Station tojiudy the pro* 
^ perefi means of inftru£ling the Marine Officers 
infuch parts of the Mathematics as are neceJTaryfor 
their ^alificationy I thought, the moft effectual method 
would be to lay before them a ColU^ion^ wherein they ' 
might botl^ fee what they had to learn^ without trou^ 
bfing themfehes with any other Books ^ and might with 
eafe rroife what they had already been inflruifed in. ^ 

I conjidered^ that this ColleSfion ought to be asjhort 
as pojftble ; that the Perfons for whom it is intended 
might not be difiotiraged with the length of the work ^ 
and 1 may reafonably hope that every Gentleman con* 
cemed will endeavour to render himj elf duly qualified^ 
when he obferves^ that the zvhole courfe ofhisMathema* 
tical Studies are comprehended in two little Volumes. . 

In the entrance upon each Subject I have let no* 
"^ihing^pafs without clear explication and demonflration \ 
but in the frogrefs^ 1 have chofe to leave the Reader 
thepleafure of dif covering by himfelffome of the mofi 
eajy conclufions j of which ^ however y I have given 
htm proper intimations, 

A3 / hdv^ 
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vi The Author's PREFACE. 



J'havi net been fcrupuhupj txaS in rtndtring my 
thethadofdemen/iratienperftlfly uniferm, and in der 
ducitig myprosfi immediately fTom fir ft primipUs, or 
tht next prf ceding Prepofitions j but have rather made 
it my chief endeavour to avoid every thing that might 
tmbarrajiy or difceurage wj Readers : And vahenjt- 
veral demanJlraUom have offered themfelves in proof 
if ibe fame Propajitioif 7 hove akuays chafe that 
vihith- appeared to me moft intel/igii/e end pert, 
rather then that which perhaps might he thought 
mart ejtaH. 
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PREFACE. 



ySl <r )hi tbematicSy which I have ventured te 
Hoc )9C ^^^njlate from the French, for the he^ 
S;j)B()K?? neft of the Englifh */^^r, tviU^ I 
bope^ ly its brevity and perjpituity^ recommend 
itfelftofuch Gentlemen as think fome knowledge ik 
tbefe ufeful Sciences a laudable yfccomplijhment* 
How necejfary this Study /;, ejpedally in the Articles 
which make up this ColleSfion^ to thofe who would 
rightly qualify themfehes either for the Army or 
Navy, is too evident to he injijled on \ but how con'- 
ducive the prefent Performance may be to that ufeful 
purpofcy is not for me to determine ^ as a Tran^. 
Jlatory I am become a party in the Gtfign, I Jhnft 
therefore prefume no fart her ^ than humbly to offer a 
word or two in behalf of my Jut hor^ with reJpeSi to 
the feveraJ parts of his Worky and tojubjoin^as I go 

A4 ' #4^ 
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#«, a Jbort Account of the liberties / have taken in 
rendring it into Eriglim. 

He begins with ajhort extraSl fram the firji Jixy 
and the eleventh and twelfth books of Euclid, wherein , 
/ thinks he hasjhewn great judgmenty in collecting all 
that is neceffary for his purpaji^ without burdening 
his Feader with any propojitions foreign to his defign i 
fo that I think it may be juftlyfaid^ there is nothing 
extant of the like kind,, at once fo compleat andfo concife : 
Nor do I judge it unworthy of remark^ that the pro^ 
pofitions fiand numbered as they follow in the books of 
Euclid. With regard to the tranflation of this part ^ 
I have one thing to advertife the Header^ viz. That 
pihereas the Author had referr^ dhis extraSi from the 
fourth book of Euclid, to his traSf upon rrafticat 
Geometry, / thought it better to give all the Ele^ 
.ments together^ fince references might as well be modi 
to that Part as the reft. 

_ ^ / 

The fecond fuhje^ of our Author is Arithmetlckt 
upon which having my f elf wrote more fully ^ I entirely i 
omitted his Tra£i ; yet Ihope it is not iUfupply'd with 
my Arithmedck in EpitomC) which may ferve as the 
ftrfi Volume of this Courfe. 

Trigonometry is his third tra£fy in -which he has 

pretty copioufly handled the Doftrine of Triangles, 

both plain and fpherical^ and has therein alfo given a 

Jhort^ but clear J explication of the conJlru5f ion and ufe 

\$f Logarithms. 
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PraAical Geometry is his nextfubjeSl^ wherein 
be Jiiccin^fy treats of the 'manner of taking Heights 
and DiftanceSy $f the method of making Surveys^ 
and of the meafurenunt of Surfaces and Solids. This 
fart in tie Original contains likewlfe ' fome extracts 
from the fourth Book' of ^uclid, which^ as I before 
objervedy in the Tranflation^ I have ranged in their 
proper order among the Elements^ withfome addi'* 
ticns. He has likewife therein given the defcription 
offome inJIrumentSy for which I mufi refer the Rea^ 
aer to the Appendix I have added at the end of the 
Iqft Volume. 

The Ufc of the Globes is the next tra3 in the 
crder of our Author ; but being defirous to comprife 
all that more immediately regarded the Land- Service 
in one Volume^ I have placed this Tra£f in the be» 
ginning of the lafi Volume^ as more adapted to Ma^ 
ritime Affairs. All IJhall fay of thts Treatife is^ 
that it is very Jhorty and yet I think fufficientty in^ 
telUgible. 

Next follows A tra£f upon Mechanicks, the Jhort^ 
eft andmojl intelligible I have ever met with. There 
is one Article in this Treatife,! have taken the li- 
berty to alter (tho* indeed I rather believe it to be 
an error of the Printer^ than a miftake of the Au* 
ihor) fince the change of but one wordy \\l* autant 
into moins, that is as much into lefs, makes the 
obfervation jufi^ and the fenfe confiflent with the 
Cerottary following. See Pag. 160. r ig. 2i* 

Fortification 47«^ Gunnery are the two remaining 
trdifSf which make up one Volume in tins Tranfla^- 

tion^ 
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iloftf in which both tbofe Jubj^Ss ar9 fuccinSffy^ 
handled. In the oniy. the young Officer wm fee ih^ 
maxima and methods of Military, Architeiiurey wit lb 
a proper explanation of Terms j and in the other ^ 
th§ Mathematical Principles applicable U Artillery ^ 
^th juft and nhcejfary obfervations on the laws o^ 
motion wrthrejpe^ to Proje^iiles. 

• 

Thefe being fubjeSfs much out ofntj own fphere^ 

J therein confulted proper Judges : Andmuji paip^ 

iicularly own my obligations to Captain Richards 

(ffhis Majejifs Train of Artillery^ for his kind af- 

ftftance with refpeSi to toe latter. 

m 

The two trafts on Navigation contained in the 
^ther Volume^ are (efpecially the latter) uncommom 
.Efjays upon thefuhje^ ; In the one isjhewn the eon- 
JiruClion and ufe oflnftrumentSf Charts^ and Tables ; 
with the application «/* Trigonometry to Sailing in 
the calculation of the Courier Difiance^ and Depar- 
ture ; alfo the necej^y Addfenja of finding the Primes 
Epa£l, Golden Number, Moon's A^Cy and time of 
High Water in any Port^ &c. In the other ^ which 
concerns the working of a Ship (afubJ4it not treated 
on that I know ofhy any Engliih Author) is cm^ 
ftdereddnd explained^rom4he eflablifii* dlavos of Me* 
tiouy and the form andflruSlure of a Veffel^ the ft-- 
veral motions a Ship is capable of receivings andtb^ 
proper methods of giving them ; which necej/arily 
lea the Author into the confideratim of the fwrce 
and efficacy of the fevered Sails, according to their 
different fituation ; as alfo the power of the: Rud^ 
4er its changing the line of Dire^ion, I have only 
to obferve under this heady that as fome of the 
practices be delivers differ from the methods ufed by 

ibt 
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the Englifli, Ihavefet you down the Englifh manmr 
§ff€rf$rmance by way of Notes at the bottom of the 
page I which likewife contain whatever other obferva'- 
iioHS or remarks have occured throughout the wbola 
Performance. 

X 

In this part of the Wsrk^ I have been alfo careful to 
get proper affijlancei and am efpeciaUy obliged to my good 
friend C^toi» Wilde, without whofe Help it had been 
impojfibleformeio hove under flood the French terms^ 
or to have exprefs^d them with any tolerable propriety in 
Englifii : But my friend being ahfent when the laft 
hand wasfet to the tVork^ I muftJlHl befpeak the in* 
dulgence of the Engliih Sailor , if he finds my escprejjl^ 
pnsfomettmes deviate from the true Sea dialed. 

I have now done with our Author^ As to the ttvo 

Articles I have adddedy they are^ Firft, An alphabetic 

cal explanation ofjkcb Sea terms and phrafes as occur 

in the Worky which will not only be ufeful to fuck 

Gentlemen as are defirdus to loot intofo curious a Theory y 

though not concerned "with the Sea ; but even neceffary 

'to thofe who undertake thefiudy^ with a view to their 

future practice. Secondly, An Appendix, containing 

the defcription and ufeofa compleatfet of Pocket In^ 

fhrumentSy wherein the little AppzTztus,fo neceffary ta 

every young Mathematician^ isfufficiently explained i 

and thefeveral lines bid down upon the Plain Scale, 

Gunter Scale, andScGtoVj are confidered^ b^with 

regard to their conflruSlion and application. 
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Having that laid htfare the Reader a funmary \ 
account of the fferi. tjhati rut fartbtr take up his \ 
time wtib apologizing fir the performance. 1 have \ 
done my htjl endeavour^ both in the Tranjlation and 
the additional Articles ; / therefore fuhmit the whole 
to the candid ferufal of the Publici, well inotving 
that books of Science can only mate their way by their 
Merits 
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DEFINITIONS. 

K« F^lM0r«l ATHEM ATICKS aie certaifl 

CSdences* by which ure learn ti» 
ooB^re things one with another^ 
ia regard to their octenfion, or to 
^jef^^'^t^^ de(ermtaew)iether they are equals 
cr in what proportion one thing is greater, or 
4eft than another* 

a. Magtitiuk diarofc»'e is diat idea arifing lA 
^«Mir fidndsy firom the oompariron of one thing wttl 
^MoiiioFioiQgardito eKtetiiisn^ 
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3. ExtinRm is to be confidered in three dUfe-» 
rent refpeasi which we call Dimenfions, v/as, 
I. Length. 2. Breadth. 3. Thickndfs, or 
tocpth, 

4. A SoUd^ is a magnitude confidered under 
three dimenfions ; as if the tonnage of a Ship is 
demanded, the Ship is confidered as zSoliJ; and 
the queftion requires that we examine its length, 
its breadth, and its depth .; for the longer, the 
broader, and the deeper it is, the greater will be 
its tonnage. 

5. A Superficies^ or Surface^ is a magnitude 
comprehended under two dimenfions, viz* length, 
and breadth; as when we meafure a field, we 
Cake it for a Surface^ which the longer, and 
brpad.ex it is, .the more acres it contains, without 
any regard to the depth, or tbicknefs of the 
€arth« 

6. A Lim is a magnitude Confidered only at 
length ; thus when it is afic'd, how far one place 
is difiant from' another, we confider the fpaoe 
between the two plates as a line, which, the 
loiiger it is, the farther diftant are the places.; but 
the breadth or thickneft of the fpace, makes no 
difference in the'diftanceof the places. 

7. A Voint Is that, in which we confider tei- 
ther length, breadth, nor thicknefs, as in the 
foregoing inftance, the two places are taken for 
two Points I for it is not at all necellary to know 
the length, breadth, or thicknefi of the two places, 
tP determine the diftance between them. 

8. The 
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8. The extreains of a Line are Points ; a Line 
being only a continuation of the motion of a 
Point. So Lines are the boundaries of a Super- 
ficies. In like manner alfo, Superficies are the 
boundaries of a folid body* 

9. Two (imilar Surfaces are faid to be equal, 
when the one being laid upon the other, per- 
Fe^jr covers it. In like manner, two (imilar 
Solfds are accounted equal, when one being fup- 
pofed to penetrate the other, is perfe^y contained 
within the fame limits. 

: 10. A right Line, is the (horteft diftance be* 
tween two Points: thus the Line A B 
is a right Line, as, on the contrary, the Fig. i. 
Line CD is curved, or crooked, 

11. A plane Surface is that upon which a right 
Line may be every wajr applied : Tlius 

the Surface A B C O is plane, but the Fig. 1. 1 
Surface EFGH curved, the hollow fide - 
of a curve Surface is called concave, the ralfed 
fide convex. 

12. A Line is perpendicular to ano- 
ther, when it has no inclination on ei* Fig* 3% 
therfide, asAB upon CD. 

13. The Lin^ AB and C D are pa- 
rallel where all the perpendicular Lines Fig* 4« 
between them arc of equal length, 

B a 14- A 
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. ■ J4. A*cjrcte ft a pl^ne figure asABC, whcrebf all 
the ex(remeties afe equally, diftant from 
Ti^: 5', one certain point. ^ The circumference 
of a d'rcle, is the curve line which in- 
compaiTes it, as A B C, *• The center is the point 
$, in the middle. A right line drami from 
the center to the circumference, is callM a Ra- 
dius, as B'£ ;, and if, in, the fame manner, a 
light Hne be drawn quite cro(s the circle, paffing 
fln"o* the center) it is called a Diameter, 'as AED: 
raftly, an arch is any part of the circumfe* 
rence, as BC« 

15. A plane anglts. Is tht diftance or opening 

of two rifles, wliich touch in one point. 

Fig. 6* not making one line; thus the open* 

ing of thciinesffA, BC, makes the 

' iPglcABC, 

i6> An apglfe; is, the. greater, the ^iderthe 
lihes are apart : BUt as. the length of the lined 
inak^s no alteration in their diftance ; fo it makes 
ho difference in the I'argencls, or fmalnefi of the 
itngle» 

17, The meafure of art angle, as AB'CJ is 

found by defcriblng. a circle round the 

Fig.*}. point B, which circle being divided 

intp 2^&: equal, parts, caUed degrees 5 

the n<H|)ber. of fuch. parjs contained in the arch 

.AC,, is the quantity of tbe-ang^ejn degrees. 

t tS«. A right angle isr that which is exadljr 

Ft 8 tneafured by an arch of 90 degrees, of 

^* * the fourth part of the circumference of 

a circle^ 

i 
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a circle, as ABC. An aituft angle is greater 
dian a right angle, as £CB, and an aMe angle 
tefs, asEBD; 

19. A reflillnear angle is formM by two right 
lines s a curvilinear by two curves ; 
and a misi'd angle by one line rigkt^ fig. 6* 
and on^ curve. 

20» A Triangle is a plaae Sarface as A B C 
bounded by three lin^s. i* If thefe . 
luies are equal, the triangle is equila- Fig, 9. 
teral ; 2. If two of them are equal, it 
b an Ifcofceks triangle; 3. But if the three 
ines arc all vnequd, it h ioaU'i a.'Icatene 
triangle, 

21. A PasalMog^lKl is a flane bounded with 
four lines, whereof the oppofite ones 
are paraflel, as A BCD, There are 'Fig. to* 
four fens of Parallcfograros : r. The 
Square,, which has all its Mes and angles equal, 
a. The Ions Square, which has its angles equa], 
but not its udes. 3. The Rhombus, which has 
its itdes equal, but not its angles. 4. The 
Rhomboides, which has neither its fides, nor 
ang|les equal. 

22: We call a Truth which we demonfltate; a 
Propofttion. Of which there ate fcvtfral forts : 

1. Theorems^ which are truths j^\ixt\y fpeculative. 

2. PnblemSi wherein (bmething is propofed to be 
(tone. 3. Lemmas^ which are truths laid down 
•aly for the demonftration of others, 4. Corol* 
larhs, which are the confe^uences drawn from a 
Propofitipfi ^iraionftfated. - 

, B 3 ' 23. Axioms 
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23. Jxtoms are plain truths. known to all ; 
the wocid; fome of the principal of which arc 
as follow : ' 

1. The whole is greater than its part. 

2. Two thinss arc equal to each other, 'when 
each one is equal to the fame third, 

3. Two "equal things equally augmented or 
dlminifhed, will remain equal ; but if they are ' 
augmented or diminiibed unequally, they will be* 
ccrae unequal. 

N. B, The Propofitions arenumbired as ihij ' 
Jiand in Euclid. 

P R O PO 81 T ION I. 

* f 

To ^make an equilateral triangle upon the 
line AB. From the point A witli 
Fig. II. the compafles opened to the extent 
A B, defcribe the arch B C ; and 
from the point B, with the fame extent, defcribe 
the arch A C, which {hall cut the arch B C, in 
the point C ; then drawing the lines AC, and 
BC, each of them (hall be equal to the line 
AB, (by Def. 14.} and to one another (ty 
Jx, %,) coniequently the triangle A.BC,.wiU 
be equilateral, (according to Dtf. 20.) 

Proposition IV. 

If the line A B of one triangle, be equal to 

the line £D of another triangle, and 

fig^it* alio the line AC equal tcT the line 

EF. If, farther, the angle A of the 

^net 
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rnie, be equal to the ang^e £ of the other, the 
two triangles are equal in every refped. 

DoMtUlratim. If the line £ D, of the trt« 
angle £I5F, be laid upon the line AB, of the 
triangle ABC, it will perfedlv cover it, (by 
Drf.q.) and the line. £F will fall upon the line 
AU ; fince then the angles A and £ are equal, 
they will likewife exadly cover each other ; fo 
that the point F, will be found upon the point C, 
in the' (ame manner as the point D, upon the 
point B; confequently the line DF, muft alfo 
cover the line EC, and the whole triangle £DF, 
cxa£Uy cover the triangle ABC. Therefore it if 
equal m every refpe^ f by Dif. 9.) 

Prop. V* 

If the lines AB, AC, of the triangle ABC, 
are equal, the .angles B and C ihall be 
alfo equal. Make another triangle Fig.i^*^. 
6£F, exactly equal to the triangle 
ABC, fo that the angle A^ may be equal to the 
angle D, and the lines A B, and A C, equal to 
the lines DE, DF. 

Demonflr. If the angle D, be fo laid upon the 
angle A, that the line D £ falls upon the Hne 
AB, the triangle DE.F will perfe&ly cover the 
triangle ABC, and the angle £ will be found 
equal to. the angle B ; but if the line D£ be 
laid upon the line A C, then will ^the angle E 
be found equal to the angle C $ the angles there* 
fore B and C being each of them equal to the 
angle £, are confequently equal to one another, 
(by Ax. 2.) 

■\ A B4 Prop; 

0" -"tr^'-^r . 
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Prop. VL 

If the angles B, and C, of the triangle ABQ 
are equal ; the lines AB, AC are atCo 
Fig* 13* equaL SappoTe, as before, ^D £ F» 
equal in every refpefi: to ABC; 
l^jeznmftraiitm. If ,th^ triangle D £ F» be 
transferr 4 wpon the triangle A B C» by layix^ 
£F, .upon B C, the one wUl per&£Uy cover the 
other \ and if the point £, falls upon the point B^ 
the line O £^ will alio be found equal to the line 
AB ; but if the point E, be laid .upon the f oint 
C, then will the lioe D£» he found equal to the^ 
line A C, and confequently the lines A B, AC, 
being each equal to* the line D £, muft alfo^'by 
Jlx, 2. j be equal one to the other. 

Pit'!!?. VHL 

If the Unes AB, %C. of the triamle ABC, 
are equal ^ the lines D E, 1^ £». of tbe 
JPig» 14* triangle D £ F, «ach to each^ it is evi« 
dent that the Bafe AC, catamotb^ equal 
to the Baie DF, unlefs the an^eB, he^,qual to 
the angle E : confequently (by Praf^ 4.) the tihFe^ 
lines of the triangle ABC, casinot be^quail to the 
three liiycs of the triangle jDEF^, witito^tihe two 
'triaf^es ase equal in every refpe^SL. 

Prop. IX 

To divide an angle BAC into two equal parts : 

Make the point A, a center, dcfcribe 

Fig. I5« the arch BC, and thereon (By Prop, i.) 

make an equilateral triangle B D C, fo 

ftali 



frftll l^e Ifaie AD^ «irawn from the togular pmnt 
to the oppotite Usterre^ion, divide Uie angle 
B A C into two equal parts ; that is to %, the 
angle BAD, £bail be equal to the angte CAD. 

Demonjiration. The triaogle ABD, has all 
its fides equal to the fides of the triande A C D ; 
Gpofequently (b]^ Prop. 4. J the angle BADy Buift 
be equal to the angle CAD. 

P R Q p. X^ 

To iWvit the line A B, into two equal partr ; 
Make thereon (by Prop, i.) the equi- 
laUral tlriatig^« BDA^ BCA, and fig. 16. 
draw the liiieTCD» Which (ball divide 
the line AB jn the pMnt £^ fo that £B^ and EA^ 
ft^H be equal* 

Demonjrathn, The Q^anglet A D £^ B D £ 
have the fide D£ commoti> and the ftde BD ia 
equal to the f\de A Di (by £>^i 14.) and farther^ 
the angle A D E, is equal to the angle B D K, 
(by Prop, 9.) Therefore is the triangle AD£, 
equal in every refpeft to the trfangle BD£, (by 
Brop. 4.) and the bale A £, equal to the ba(e 
B£. 

Prop. XL 

To ralfe from the Point A^ a line perpendicu- 
lar to the line B C : Make A B, A C . 
equal. From the points B ana C, as Fig> 17. 
centers, wHh the. fame opening of the 
Compalle^ deicribe tWo arches cutting each other 
in D, draw the line DA, it ihall bo a perpcndi- 
cuiar i that is to fay^ the angles A B'> A C, 

B 5 '. Ml 
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fiiall lie ^ual, becaufe (by Pr^ S.) all the fidetf 
of the triangle DAB, wiU be equat to all the ficle» 
oftbetriahiieDAC. 

Prop, XII. 

To lei fall a perpendicular upon a line BC, 
from a point given without it A, Oil 
Fig* 18. A as a center defcribc an arch, whiclv 
ihall cut the tine in the points B, and C^ 
then making the equilateral triangle B £ C, (by 
J^op. I.) the line A E (hall be perpcndiciHat to- 
ihe line BC. 

• Demonjirau Since the triangles ABD, and 
A C D, have the fide A D cothrtion, and A B. 
Icquarto A C, and the an^e B AIX being alfo 
equal to the angle C A D> (by Prop. 9.) they are- 
equal in every refpeft, (by Prop* 4»}atnd the angle 
D equal on 'each fide ; therefore is the line A D^, 
perpendicttlar to the line BG, (by Def^iz.) 

Prop; XIII. 

The line DCfalKngupon the'lii^e AB, makes 

two angles viz^ DCA» DCB, equsd 

Fig, iq. to two right ones : for if from the center 

i C a circle be defcribed, the femlcirde 

ADB will exadly meafure them, (by Def. 18^} 

Prop. XIV. 

If the two angles (in the foregoing Figure) viz. 
I) C A, D C B, are equal to two right ones, the 
two Lnes AC, BC, muft confequently make but 
one line, which is here the diameter of the circle 
ADB. 

Prop* 
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Prop. X:V. 

When two lines, as AB, CD, cut each other 
as in the point £^ they form four an* 
gles, of which- the oppofite ones are Ftg. 20* 
equals as BED, CEA, becaufe either 
of tfaiem contains what is wanting in the angle 
BEC, to make two right ones, (by Prpp. 13.] 

CO ROLL art: 

- IT the line EF, cuts the parallels AB, CD, the 
angle E H E^ fhall be equal to the an- 
gle CG F ; becaufe the two parallels Fig. as. 
may be taken for one line, and then the 
two angles are ^polite, as before, (by- the pr^ 
ceding. ) Farther, becaufe the angle A H G is 
equal to the angle E H B, as the angle H G D to 
the angle C'G F, being oppofite ; therefore the 
four angles £ H B, AHG, HGD, CGF, fhail 
all be equal, the angles CGF^ EHB, are called 
outward alternates ;. the angles AH'G, HGD 
inward ahemates ; the angles EHG, HGD al- 
ternatively -oppofed. Thefe three forts of angles 
are then equal, when.the two lines thus crofs'd by 
. a thin) are parallel : and when they are equal, the 
two lines thus crofs'd by a third are parallels. 

Prop. XVI. and XXXII. 

If any fide, as B C, of the triangle A B C, be 
produced, or drawn out, it will make 
' the exterior ai^le A C F, equal to both Fig» aa« 
ihe interior and oppofite angles A and B. 

Diman* 
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DemonJIratkn. Thro' the point C, let the line 
CD be drawn, parallel to the line A B ; which 
will divide the outward angle into two parts of 
which the firft, viz ACD, will bceqtial to the 
angle A^ »rKl the fecond, vi%, DCFy equal to 
theapgle B, (by the preceding.) 

CO R0LL4RIES. 

1. The three angles of a triangle are equal to 
two right angles : for the outward ^ogle. A C F 
with the adjoining angle ACB, are equal to two 
right ones (by Prop, r3.^therefQrc the angies A^ 
B> with the fame angle A^3, ar« equal to two 
light angles, 

2. When therefore atriangtehas one angle rights 
af obtiife, both the other angles muft be acute* 

^. If two angles of one triangle are equal to 
itwo aiigles of another triangle, their third anglea 
ace alfo equaU 

* Prop- XVIII. 

If the fide AB of the triangle ABC is (herter 

than 4;he fide AC, the angle C, opp&« 

Fig* 23. fite to the fide A B, fiiall be lefs than 

the angle B, oppofite to the fide A C. 

Take AD, equal to the fide AB, and Ar%vrSD, 

DemonftraUon. The fides A B, AD, of the 
triangle ABD, being equal, the angles ABD, 
ADB, Ihall be equal, (by Prop. 5.) but the angle 
ADB, being an outward angle, 13 greater than 
the angle C, ( by the preceding) therefore the ang^ 
ABD will be greater than the angle C, andcon- 
fequently the angle ABC wiU (^ i^ much greater 
Ifaan the angle C. . . 

Prop. 
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Tuar. XiX. 

If tbe angfe By is gnrster tfaan tli^ 
•i^e C> the itde A C, fl»il be g^eaier /7^. ty, 
Ikkfitheikle AB« 

Bivnt^fot. If the fide AC, wtt not greater 
than tke fide AB, eifcfacr it nMmM be cq«il« antf 
ihe Mgje B WDakl*i>e equal to tbe aagle C, (bf 
Pr^. 5.) fir it wouU be tefa. And the angle C 
«nauld he greattr.thao the acigk B^ (by the pre- 
cediog) bofii 6f which will he cainritry lo (kr 
fuppojliioiir 

P R o P. XX, XXI. 

The two fides AC, C B, of a triangle, taken 
together, ai^ longer than the third AB, 
vKich being a figilt ittne, is the ftorteft Fig. 24^ 
^tfance from the point A, to the point 
B. Ih the (ame manner the lines AD, Vfi^ are 
longer than the iine^ AC, CB, becanfe the/ are 
/ar^er diftant from the right line AB» 

Prop. XXII. 

« 

To make a triangle of three given lines A B, 
CD, E F: Firft lay down a right line 
equal m extent to the Tine A B, then Fig. 25. 
open the compafles to the extent CD, 
and with one Foot in the point B, defcribe an 
arch ; then taking the extent £F, between yot|c 
compall^s, with one foot in A, make another arch 
to cut the fornKr in the point G \ fofliall thetri* 
angle AGB, (by Def. 14 ) be compofed of the 
line AB, ai^d the lines AG, B G^ equal to the 
given lines AB, CD and £F, 

P R o ?• 
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p E o p. xxin. 

To make on the point A, of the line A F,' ati^ 
angle equal to the angle D £F : From 
Fig^ 26. the point E, as a ceoter, defcribe aA 
arcb DF, add from the point A, with- 
the fame, extent of the compalfes^ defcribe i^iother 
'arqh BG ; then opening the compafles, to the 
^iftance DF, ffbm the' point B^ as a c^nter^ make 
an arch cutting the arch BG» in the point H, and 
»he angle & A H, ibal'l be equal to the angle 
DEF } the two triangles being (by Prop. 8.| 
cq^ual in every refpecb 

Prop/XXIV. 

If the fides DE, and DF, of one triangle, are 
of the fame length i^ith the fide» C A 

Fig. 2*]. and AB, of another: when thofe fides 
are farthei* difiant than thefe, that ia^ 

if the angle D, is greater than the angle* A, the 

bafe £F, will alfo be greater than the bafe* BC,, 

which is ielf-evident. 

Prop. XXV. 

If the fide AB, of the triangte ABD, is equal 

to the fide CF, of the triangle C£F i 

Fig. 28. if alfo the angle A, be equal to the 

angle C, and the angle B to the angle 

F, the two triangles fhall be equal in every 

refped. 

Demonjlration. If the triangle CEF, be laid 
upon the triangle A'BD, in fuch manner, that 
the fide C F falls exadly uj^on the fide A B) then 

will 



wilT the angle C agree with the angle A, and* the 
angle F with the angle B y confequently the Iin< 
C£» will fall upon the line AD, and the line 
FE, .on the lineBD, and the triangle CFE^ 
perfectly cover the triangle ABD» 

Prop. XXXI 

To draw thro^ the point C» a line parallef to 
^e line AB : Draw a line CD, cutting 
AB. On the point C, make the angle Fig, zq^ 
DC E, «qaal to the angle C D A, (by . 
Prop, 23.] and the line EC, fhall be parallel to* 
Jhe line AB, (by Cer. to Prsp^. 15.) 

Prop. XXXIIL 

• If the lines AB, DC, are cquaFv 

and parallel ; the lines AD^ BC, fhall Fig^.^pt^ 

be alfo equal, aini paFalkl : Draw AC 

Demon ftrat. The trtaneles ABC, A D C^ 
are equal in every refpedt, (by Prop. 4.) becaufe 
•the tide AC, is common to both, and the iide 
AB, of the one, is- fuppofed eqiial to the fide 
CD of the other ; and farther, the alternate in-^ 
ward angles .B A C, DC A, are equal, (by 
Cer. to Prop. 15.} Therefore the bafe BC, mufr 
»be equal to the bafe A D j and the angle A C B, 
equal to the angle CAD \ and confequeatly B.C» 
will be parallel to AD« 

Peop. XXXIV* 

If AB i» parallel to D C, and A D 
parallel to BC, the oppofite fides, and Fig. 30* 
angles of the parallelograin AB C D, , 
Ihall be equal* Domm^ 
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' tkmnjtrattm. The triangles ABC, ADC, 
having the bafe AC common, and the inward 
alternate angles BAC, DCA, CAD, APB, 
iM)ua], muft be equal in every rcfpeA, (b); Prop^ 
15.) therefore AB is equal to DC s BC, equal 
to AD^ and the angle B, equal to the angle D* 

Prop. XXXV. 

• 

If the ParaHelograms ABCD^ EFCD, have 
the fame bafe CD, and are betweea 
Fig, 2^* the fame parallels CD, AF, they 
fhall themfelves be equal. . 

Demonji, AU the iides of the tijangle ACE 
being equal to the fides of the triangle BDF, (by 
the preceding) the t^^ iriarigl^ are equal (bjr 
Prttp, 8.) Therefore if froni each, the triangle 
BGE, which is common to both, betaken away, 
j^ ibace i, which remains of thefirft, will be 
equal to the fpace 2, the remainder of the fecond ; 
antl ^confequently the fpace i, with the triangle 
CDG, or .the parallelogram ABCD^ will be 
•^qual to. the fpace 2, with the f^m^e triangle 
CDG, or to the^ parallelogram £FCD. 

Pug p. XXXVI. 

if the parallelograms ABGDy EFG«, which 

are between the fame parallels AG9 

Fig* 32. BH, have their bafes BC, £G^ equal.; 

they will each of them be equal to the 

'parallelogram BCG£, (by the preceding} an4 

confequently one to another. 
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P R o ^. XXXVIL 

If xht triangles ABC, CEG» are between the 
fiime Parallels BF, AG ; and the bafe 
AC of the one, equal to the bafe CG Fig, 33* 
of the otbeCf they are equal ; becaufe 
the qoeis^ehalf of the paraUebgram ABDC^. 
and the other is the half^ of the pacaUelogranf 
C£FG, (by Prop. .2^,) which is equal to thf 
parallelogram ABDC, (by thfc pfecading*) 

Pjto«p.XU, 

V the Tuansle A3E« has t\ie fame fafe A? 
as the paraUeTogram ABDC, and 
ftands between the fame parallels AB9 Fig. ^ 
CE, a {hall be the half of the paral- 
lelogram ABCDi in the fame jnanser as tb^ 
triangle A B C, which (by the preceding,) U 
equal to it« / 

Prop.XLVII. . 

If the angle A of the triangle A F C is right, 
the (quare of the fide F C, which is 
oppofite to ity'ihjJI be eqtial to the Fig, 35«. 
fquare of the fide AC, and the fquare 
of the fide AF. 

Suppofe the three fquares to be each made 
upon Its proper fide; the lines C A, GA, will' 
then become one line, as will atfo the lines F A, 
HA, (by Prop. 14.) draw FD, and AB. I fay^ 
that the line A£, being drawn parallel to the 
line BC, (hall divide the fquare FB, into twa 

/J^r^gvUr parallelograms s of which the one 

CK, 
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C £, fball be equal to the fquare of the Tide AO 9 f- 
smd the other F E^ equal lo the fquare of the \ 
fideAF. T 

Darnnft: The, triangle F C D, having th^ i: 
£»nie t^fe CD, as the fquare DA, and being be^ 
tween the fame parallels f A, CD, wtH be juH ; 
equal to its half, (W Prop. 41.) in the fame marr- , 
»er the triande ABC, will be half the reiftangte : 
C E. But the triangle F C D, is eqnaf to Hie ' 
triangle ABC, (by Pr^. 4,] becahfe the fide ' 
CB is equal to the fide C F, the fide C A, to tho 
fide CD, and the angles ACQ, FCD, are alib' 
equal, being each coaipoTcd of one right, and the 
angle F C A. Therefore the half of the fquare 
AD, is equal to ihe half of the reflangleCE, 
and confequcntly the whole fquare A D, will be , 
equal to the whtrte re£tang]t C E. 

In the fame manner it may be {hewn, that the 
iquare F G, is equal to the re^ngte F £. 
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DEFINITIONS. 

t^- A Rsa<mgUt it a Pju-alldognun, which bat 
x\ all Its Angles right. 

2. Th^'area or Content of a reAangle, is 
the number of iqnares which it con- 
tains: Therefore to find the content, Fig.u 
^ multiply the length by th« breadth. 

3. A refiangle is fai4 to be contained under 
two lines, one of which exprefles its 

lei^hft the other its breadth. Thu« Fij^. u. 
the redangle D^ is contained undet the 
lines AC, BC. 

4* The Diameter or Diagomt of a 
redangle, 19 a line drawn from on^ Fig. 2^ 
angle to another which W oppofite, 
as CBe 

P E o p« I. and Ik 

m 
■ . » 

If the fide AB» of a reaaogle. 
ABCH,. he divided into a certaio tig.'^^ 
number of parts, as fuppofe three, and 
upon each part be form'd a redangle having the 

iamft 



fame height AC, with the rcaangle A F G H ^ 
the three reAangles fo made, will be equal to the^ 
redangfe ABCH. For of thefe redangles A fV 
DG^ EHy is Gompo&d the rt&am^ ABOS. 

Pro r. lit 

If the line AB, be divided in the_point C, an J 
the perpendicular AD, be equal to one^ 
Fig* 4» .of lho(f$ paetSy. as AC ; Ithfif redanghr 
.ABFD, will be equaj to the fquare 
of the i^n AC, to wit,; A ]>£€;; and the 
fe£laDgle C £ F B, which has the p^t AC for 
its breadth, and the other part TZJ^ for ik^ lengtlw 

I^ lE M INE A» 

If thro", the poipt l» 4>f the 4iBBi^er of a (qudrr 

D B, be drawn two lines parallel to- the 

fig* is ftdes.BA, DAp there will hefoun'd 

four lre^a^gles, of which the two that 

aff crofs'd with thie dls^nal will be fquares, to 

wit, G, aiMlR . 

Demonft. All the angles of the PararH^graon 
G, are right, (by 34. i.) farther all its fides^are 
equal; for ivib th« ri^-ai^led, and ifofcde& tri- 
a;)gle D ^ A, the equal angles B, and D, being 
(by 5* i.XequfilbiititoQin^rjgh^ afeeacbpfchemr 
half right angles^ So in the right-angled. Ifriangle 
B I C, the angles I and B, being equal but to one 
right, the angle I, wiS be half a right angle, as 
the angle B ; and confequently the fides BC, CI, 
will be eqi«ri (b^ ^ i«) a» aHb their oppofites 
Mly^^ MB ^ joidthe ndan^e Gy wiB he a fquast* 
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If tbe lineT A B^ be divided in^ the. point C,, tb$ 
l^holtt iquxie of the line A B will be 
equfd to the fquare of the part A C, and Fig* 5, 
the fquare of the part . B C*. and two 
fedangles whpfe bafe (hall be AC, and height 
fiC ^ that is to fay, the (ciiiztesGj and H, and the 
fedangles L^K, (by Lemma preceding.) 

Pro*- V. 

If tbe line AB, is divided equally iA the point 
C, and unequally in the point D, the 
redarigle of the unequal parts ADf /^« 6« 
DB, with the fquare of the line CD*, 
Vvill be equal to the iquare of the part CB» 

Dimanji. The linePG,>Qr AH, is equal to 
the line DB,,. (by t^mma preceding] and the I]ne 
B£,.is equal to tbe line C A, by the fuppofiiion ^ 
therefore the re^Ian^es D£,.CH, are equal ; and 
if to each be added the redangle DF, then wil} 
tbe whole fquare C£, be equal to the whole 
figure KDA, which iscompofed oftheredlaogle 
of the unequal parts DH^ and of the iquare of 
the line CD, or FK. 

Pr-op. VI. 

If the line AB, be divided equally in the point 
C, and to it be annex'd the line SD ; 
the fquare of the line CO, will be Fig. j» 
tqual to the reftangle KA, whofe 
length is^the whole line AD, and breadth the an- 
iiex^ part BD, with the fquare HG, whofe fide 
is tbe line CB. 
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Dim&nfl. The line B D, or HK^ is equal to 
the line FA, (by Lemma preceding) and the line 
A C, or C B, is equal to the line H I ; therefore 
<he redangle K I, is equal to the re<^angle C F $ 
adding then to bothy the figure G CD KHI, the 
redangle KA, with thefquare GH, will be equal 
tothe^uareCE. 

Prop. ^l. 

If a fquare be form'd upon the line A B, and 

one of its fides, as A C, be equally di- 

Fig, 8. vided in the point D : If, farther, the 

line DG, be drawn equal to the line 

B D } the fquare ^ G HF, (hall be equal to die 

rediangle F E. 

Demonft. Since the line A C, is equally divi- 
ded in^he point D» and is lengthened by the line 
AG, the redlangleCH, with- the fquare of the 
line A D, will be equal to the fquare of the line 
D G or D B, (by the preceding :) But the fquare 
AE, with the fquare of the line AD, is alfo equal 
to the fquare of the line DB, (by 47. i . ) There- 
fore the fquare AE, is equal to the redangle CH ; 
-taking then away fronci both the re Aangle C F, 
the re^angle F£, will be equal to the fquare 
FG. 
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DEFINITIONS. 

I* TT 7" HKN one line meets another without 

VV cutting it, we fay it touches, 
or is a Taf^ent : Thus the line A B J^g. u 
touches, or is a Tangiftt to the clrcum* 
ference of the circle C. 

2* The Segment of a cfrcle is a part 
cut dfF with a cord line : or it is a figure Fsg* %. 
bounded by a right line, and an arch of 
a circle ; as A B C. 



J. A SeSfor if a part of a circle 
bounded by two radii, or femidiame- 
cers, and the included arch ; as A B C 



Pig.^. 



4* An angle is faid to be in a fegment, when 
the right line of the fegment is taken 
for the bafe, and the angular point Fig>^^ 
touches the arch : Thus the angle 
ABC) is faid to be ia the fegment ABC. 

Prop. 
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\, '' ' If from- the rtiiidk «f thfr line ftC^ 

^f?» 5. be rais'd the perpendicalar AF, it (halt 
pafs thro'"the center of the circle FBC. 
Demonft. It amy Point £) hot iir the line AF» 
he the center of the circle F'SCi the triangles 
BE A, CEA^ will be equal in every rcfpeft, 
4by^Hh)t h^ w ould th » li»e.^Ay be ptrpia d iq i^ 
lar to BC> and not FA, as was fuppofed^"* 

Prop. II. : ^ 

If from the center D. of a drcle, 
ftg^60 Z)fi be drawn perpendicular to AC^ 
it ikalL divide the Hne AC into two 
equal parts BA, B(X 

Demnjl. In the triangles . AfiD, CBD» which 
^re re£tang]ed atthe'point B, theangtcs C, and A, 
being; equaJ) (by. 5. i.) their. oomplementsBDA^ 
SDC, wjH be alfo equal; and becaufe BD is 
iCommon to both triangles, and the fide DA 1 
equal to the fide DC. the two triangles (hall be \ 
equal in every, fefpeft^ (by 4* !•) and the bafcs 
BAy^C equal. 

P K o p. VII. 

If from the point A^ in a circle, of whicb li 18 

not the center, feveral lines be drawn 

jft^. 7. -Kfc the circumference.]^ the line ARj 

wistch pa£bs.tluo'^the center C^- (hall 

be longer'than any otber as AD> l^c. 

Dm9;njk 
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• Dtm&njirai. The line A C B is coual to the 
two ficks AG, CD,<if' the triangle ACD ^thcns- 
foteit is'longer thin the fide AD,- (by 20. k). 
- Again, AD^ (hall be longer than A£, which 
b farther diftant from the fcehter. • ^ » 

Demonft. The lines AC, C D, bekig of the 
fame length 'Sift'th^ lines; A C5 -O', and making 
the angle A C D gi^ater than th^ angle ACE 
will aUb diake^ the bafe ADc^i^eaterthan^he^bare 
AE, (by 24, I.) •--• J > ' i 

Laftly, AF, which makes one line with ACB, 
fliall be lefs than any otber^ st^.AE, &r. 

DemonjU FA, with AC, are equal bOt to CE ; 
whicreai ■ AEj with AC, iaTe<'Ionger than . CE, 
(by aori.) ; • ' ' ' 

\ ■'. '. . Pio.p'.XVI. • 

' •■ # f 

I( the line'BC fe perpendicular upon 
the tnd of the diameter . A B, it will Fig. 8. 
toqch^ .0r be 9 tartgent to the circle^ 

Det$V^i. If it were to .cut the circle, fome of 
its points, .as .C, would enter, or be within the 
circle; and the line A C, being oppofite to the 
right angle B, would be lefs than the line A B, 
which is oppofite to an acute angle C ; which (by 
.?8,.i.)cannQt b^. . ^ : 

L £ M M A t. 



M 



If the line AB touch the circle, and the line 
AC cuts it ; the angle BAC fliall be 
meafured by half the arch AC. Dra^ [Fig. 9. . 
from the center D, the line DE, perpen^ 
dkular bb C A ; fo that it may equally divide the 
line A C, in the point G, and the arch AC, in 
the point E, (by i. 3.) 

C DfmonJ}^ 
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t2W»ij/?« The angle AD <}» with the > iS4gfa 
DAQ, aie equaUo one right;, l(by i6« .1.) Md^xk9 
angle-BAC, with the fajne a«!g|i^ QAQ,. makes aU 
fyoni9 ri^t« (by 16* i.)tbefefcMre th^ ^agle BAC; 
is equal to the angle ^DG» .whiph 10 ^le^fuied 
by EA^ half the arch AC» 

The an^e CAf , fliidlh(e fib im^CuxtA by. half 
the. arqh CHA^ because (by 1$. i.) the j^nglei 
BAjC, .CAF» ai:e together meafured by. Hal/ the 
whole circle. : . ^ . l 
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The angle .ABC) whpfe angular poitit touebot^ 
the concave circumference of the ciicic^ 
Fig, 10. is meafured by half the arch AC, upon 
which it refts» .Draw the tangent DBF. 

Demonflrat. The three angles DBA, ABC, 
CBF, are meafured by half 43be ctrelfe, (by i3« ^.j 
the angle DBA is meafured by half the arch "BA | 
and the angle CBF hy half the arch GB, f bf 
Lemma preceding) therefore. the angle ABC (Wl 
ke meafured by half the remainder AC* 

Prop. XX. 

The angle ACB, at the center of atircle/is 

double the angle ADB, at the circum- 

Fig. 11. fcrcnces fence (by Lemma preceding} 

jtbe latter is meafured by half, and tne 

formn by the whole arch AB. 

• ' ;• ^' • i .> Bm ol»i 
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; p R ^. xjti. 

I • *. ■;■'■■ 

Angles at the circumference infifting In tlte fam^ 
1 trch are equal i .each having for its meafure (by 
' Limma preceding) half the arch upon which it 
refis. 

Paoi^* xxrr. 
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If the four angles of the quadrilateral figuco 
A B CD, fall into the circumference of * ' ^ 
a circle, the oppofite angles A, C, or Fig. il« 
B,I>, are equal to two right ; becaufe 
the angle A is meafured by haJf the arch B C D^ 
and the angle C, by half the arch BAD.. 

Prop. XXV. 

Ta find the center of a circle whole ciccumfif- 
renee fhalt pafs through three givei? 
points. A, C, £• Bifea the lines AC, Fig. 13. 
C£, in the points B, D, with the pe^- 

Sndiculars B G, D F, their point of rnterfeftioli 
, (hall be the center of the circle \ fince (by 
I. 3.} both the lines B G# and D F, miift paia 
through the center. ^ « , 

Prop.XXXI. 

If an angle at the circumference ABC reffj 
upon the femit:irde A C, it is a right 
aoj^; but the angle BDC> which Fig. 14. 
refts upon the arch S A C, greater thui . 
a femicircle, is an obtufe angle; jana tbe angte 

C2 CAB;| 
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CAB, refting upon the arch B D C» lefs than a 
femicircle, is an acute angle ; all which is evident 
^Qfa Leittfrn 2. preceding. 



1 
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Prop. XXXII. 



If you draw the tangent B A C, and the fine 
AD, to cut the circle in the point of 
Fig. 15* contact, the angle CAD ihall be equal 
to the angles of the alternate fegment 
AFD, becaufe (by Lemma a.) both are meafured 
by h^lf the arch A D« In the fame manner the 
angle BAD fliall be equal to all the-^ngles of 
the fegment AED« 

Prop. XXXIII. 

To defcribe upon the line A B an arch whofe 

half (hall be the meafure of the angle 

"Fig. 1 6. C. Make the angle BAD equal to 

the angle C, (by 23. i.) then having 

drawn AF, tperpendicular to AD, make the angle 

ABE ec^ual to the angle B A F, and the line 

BE fliall cut the line AF, in the point G, which 

0iall be'the center of a circle, in which the equal 

lines GA,<jB, fliall be radii, (by 6. i.) The line 

AD is a tangent (by i6. 3.) and half the arch AB 

the meafure of the angle BAD, or the angle C, 

(by Lemma 2.) 

• 

' ' Prop. XXXIV. 

' To cut off an arch AC, of a circle, 

fig. 17, fuch, that its half (hall be the juft mea- 

^ - , . fare of -a given angle D j or having a 

*^* '' circle 
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circle given, to cut from it a fegment capable to 
' contain a certain angle. Draw the tangent A B^ 
make the angle BAC equal to the angle D, and 
half the arch AC (hall be the mcafure thereof. 

Prop. XXXV, XXXVI. 

%all fervc as Corollariis to the i6th of the'6tM 
Book. 
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BOOK IV. 



DEFINITIONS. 

X. yi Re£ti]inear figure is. faid to be infcribed 
J^^^ in a circle ; when all the angular points 

of the former fall into the circumfe- 
Ftg* I. rence of the latter. Thus the triangle 

ABC is ixifcribed in the circle ABCD. 

2. A redilinear figiu^ is defcribed about a cir- 
* cle ; when all the fides thereof touch 

Fig. 2* the circumference of t^c circle. Thus 
the triangle ABC is described about the 
circle DEF* 

3. A line is infcribed in a circle, when its ex- 

tremes touch the circumference. Thus 
Fig, 3* the line AB is infcribed in the circle 
ABC. 

P R O p. I. 

To infcribe in a circle A £ B D^ a 

Fig* 4« line BC, not exceeding its diafmeter ; 

take between the feet of your compafles 

<he Jepgth of the line BC, and fetting one foot 

at 



r a' ? . 

ait the extremity of the diameter, d'efcribe a circle 
cutting the circle A £ B D in D, and E $ then 
^raw die line B D, or B E^ which wUl be equal 

to fiC, (by Dtf: 14. r.) 

p k b F. n. 

To inicri^ in a circle a triangle EGH, equi- 
angui^r to another triangle ABC. 
J3raw the tangent FD, and at the point Fig, j;, 
of conta^ £ make the angle D £ H 
equal to the angle B, and the angle* F£ G eauat 
to the angle C, (by ar. i*) then draw the line 
GH, and the (riangle £ G H will be equiangular 
to the triangle ABC. 

- Dimonfl. The anglea D £ H is equal to the 
angle EGH of the alternate fegment, (.by 32. 3.) 
but the ande DEH is equal to the angle B, and 
confequent^ the angles B and G are equals (by 
jtx, 2.) Jby the,ram^ reaibn the angles C and H 
are alfo c^yal 1 then (by Con 2. of 16. or 32. of i.) 
the angm A and Q £ H will be equal : therer 
fore the tclaoeles. £ ti H, ajid ABC are ecuU 
an^ar. 

P H OP. III. 

To defciibe a triangle LMN, about a circle 
GHK» equiaagular ^o another triangle 
ABC. rcpducp one fide of^ the. given Fig, 6^ 
triangle^ as BC, toward^ 15» jind F i wen , , , • , 
make the angle G T H cfjual to ^he ancle, AB. D. 
fnrf the angle H I If ejual to the' aqgp: AC f^ 
draw the tangents LG'My tKK^ andNHM,' 
through the points G, K, H, and they fliall concuc 
ia an^es equal to the angles given, 

C 4 Dtmmji. 



. ' Dimon/iraU All the angles of the quaarilate-;! 
ral G.I H M are ^cjual to four VigHt angles, be- ' 
caufe it may^ be divided into twoi triangjes. pThe 
angles IGM'. and IHM, which are ^made by the | 
tangents^ are right angles ; therefore the angles | 
M and 1 are equal to two right^angles, as are alfo \ 
the angles ABC, and A B D : but the angle I 
GIH, is equal to the angle ABD: therefore. the 
angle M, will be equal to the' angle ABC. ' By , 
the fame f eafon the ans;les . N and A C B ar$ 
e(i6al' ; and therefore the .tViatfgle& LM N arid 
A B C are equiangular (by Corol. 2. of j6. or 
32.. I.) 

Prop. IV. , 

. To infcribe k circle EFG, in a triangle ABC. 
Bifeft the angles B,*and C, (by the 9. 1. J 
Ftg^ J. draw' the lines B D, and CD, which 
r • . wiirconcur in^-thepoint'D J from this 
point draw the perpendiculars D £, D P» and 
DG, which will be equal, (by Pef.iAfy u\ j there-' 
fore a circle defcribed from the center £>;' with 
tlie^ift^nce DE, will pafs through F artd G: ' 
Demonftrau The triangles DEB and D F B 
have the angles E and F equal, .being both right ; 
the angles D B E and D B F are alfo equal, and 
the fide DB common : therefore the .triangles wilt 
be equal in all refpeds, (by 25. i.) and the fides 
D £ and D F equaU In the fame manner mav 
the fides DF and D G be proved, ecrual. A 
circle ;iia^ ithen be drawn, which fhali pats through 
the p6ints E, F, G ; apd becaufe the angles E, F, 
and G,' are right angles, the fides AB, AC, and 
Be, will touch the circle, which will confequent- 
fy be infcribcd in the triangle. 

Prop; 
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Prop. V. 
To defer ibe a circle about a triangle. See 

Prop. VL VII. • 

To tnrcribe a fquarc in a cirde ACBD, or tb 
defcribe a fquare about the faid circle. 
Having drawn the two diameters AB Fig. 8, 
and C D, cutting each other perpendi- ' 

cularljr at the center £ ; for the infcribed fquare, 
draw th€ lines AC, CB, BD, DA, and it h 
done : and for the circumfcribed (quare, it is made 
by drawing the tangents FGy GH^ HI, and IF, 
sttl which is evident. 

Prop. VIII. 

To inicribe a circle in a iquare. Bi- 
fed the feveral fides, and the point £, tr. Fig.^ 
where the lines concur, will be the 
ccmer, 

PRt)P. IX. 

[ To defcribe a circle about a^uare. ' 

' Draw the diagonals AB and CD, and v. Fig. 9^ 

. the point E, where they cut each other^ 

! will be the center. 
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t K O p. X. 

• • « 

To ittcnhe an ifofceles triangle A 6 D, bar- 
ing the bafe angles B and D, each 
Fig. 9. doubU to the . angle A. Divide the 
line A B, (by i i. 2.) fo that the fquare 
of ^ C may be equal to the redangle under A B 
and B C ; and from the center A, at the diftancc 
AB> defcFibe tl^e arch BD, in which draw B D, 
equal to A C ; then drawing the line D C, de- 
fi:rihe a ciide about the triangle A C D» (by 

I Defnonfiratiotji^ Since the fquare of A C, or 
13 P^^is equal to the re^angle of A 6 andB C i 
and the line BD touches the circle ACD, at the 
point D ; therefore the angle BDC wil} be equal 
'to the angle A, comprehended in the alternate 
fegment C A IX, (by 32. 3.) Now the angle 
BCD, beim an e^tprnal angle in xtf&tik, of the 
triangle AC I), is equal to the angles A, aqd 

•CD A ; therefore the angle B C D is equal to the 
angle B D A*. Farther, the angle A D B 13 
equal to the angle AB D, (by 5. !•) therefore 
DCB and D BC are equal, and (by 6. i.) the 
fides B D and D C will be cqu^l ; and fince B D 
is equal tQ A C, the ikies A C and C D wiH be 
fqual, fby Jx. t.) ^nd fo likewife the angles A» 

: and C D A i th€;iefQre the angle AD B, is double 
the angle A, 

Prop. XL 

■^ To infcril^e ^ regular Pentagon in a 

Hg'^fO* circle, Defcribe (by the preceding) an | 
ifo^eles triangle A B C, having each i 

angle 
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B, and Cat the bafe double the angle A. Then 
(by Prop. 2*) infcribe within the circle the triangle 
D £ F, equiangular to A B C ; next divide the 
angles D £ F, and D F £» each into two eaual 
parts and draw the lines EG, and FH; laitly» 
join the lines D H, D G, G F, £ H, and you 
mil have 'defcribed a regular Pentagon^ that is to 
fey, a Pentagon having equal fides, and equal 
angles. ^ - - >. 

nemonfl. The angles DEG, GEF, DFH^ 
and H F E, being the halves of the angles D E F^ 
and DF£, each of which is double to the anele 
£DF, are equal to the angle EDF ; and confe- 
quently the five arches upon which they reft, are 
equal, (by 21. 3^.) fecomiV]^, the angles D G F, 
G F E, ^c. having ea^h three of <hofe equal 
arches for its baft, vkill bealfo equals (by Jx, 3.) 
therefore the fides and isingles of the pentagon 
D H E F G, art equal. 

- Prop. XII. 

To defcribe a pentagon about a ctrde. In(i:rib# 
a regular pentagon A c C D Ei in the 
circle, (by the preceding) and drawing Fig, i r, 
tangents thro' the points A, B, C, D, E, 
(by the 16. 3.) you will have defcribed a regvilaff 
pentagon about the circle. 

? R o p, XIII. XIV. 

To infcrlbe a circle in any regular Polytgon ; or 
to defcribe a circle about a regular Polygon. Bi- 
{t&, any two fides or two angles not oppofit^ 
and where the lines concur (hall be the* center. 

Prop* 
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Pro.p- XV'. 

. To infcrlbe: a regular Hexagon in the circFe 
, ; ABCDEF-; draw the diaineter 

Fig. 12. AD, then witi\ the^compalT^s opep'd 
to the radius of the circle, G^t pne foot' 
in the poiot^D, and defcr'^be the ^ arch C£, xhca 
draw the diameters £'G B, and C G F ; and the 
I^ties'A B, IA!F,)F E, l^e. fliall form the Hexagoni 
^;equired«.' / i •: 

'J DemonJlratUn. *Tis evident, tKat the triangles 
C D G, and D G £9 are , equilateral -y therefore 
^e angles C G D, D G £, ai^d thofe oppofed ta 
them at the top BG A, aod A G F, are each qt 
them the third part of two right angles ; that is 
to fay, contain 60 degrees eaclu Npw all the 
angles (hatL can be made about the fame point, are 
equa\ but to four right angles, or 360 degrees : 
therefore taking away four times 60, that is, 240, 
from 360, there will remain 1 20 for BGC, and 
FGE, which therefore each contain 60 degrees ;. 
^otifequently all the angles at the center being 
equal, all the arches and all the fides will be 
«^qual ; and every angle, as A, B, C, &^. will be 
compounded of two angles of 60 degrees each^' 
tJiut is 120 degrees, and therefore will be equaL 

CQROLLART. 

The fide of a hexagon is equal to the femU 
diameter. 
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Prop. XVL 

■^ . To infcflbe a xeguUr Pentedccagpn in a circlr. 
Infcribe in the circle an equilateral tri- 
angle, (by Prof. 2.) and a regular pen- Fig. i^ 
tagon, (by Pr&p. i r J fo tliat the angles 
may meet at the point A,* the line BP, will be the 
fide of a Pentedecagon. 
* iremohjf: ^ii\Ct itietine A B U the fide of ~ffl 
equilateral triangle, the arch .AE B ,wiil be the 
third part of the whole circle, that is^fivV fifteenths* 
But the arch A £, equal £ F, being the fifth 
part, will contain three fifteenths, corifequently 
the arch B F, being one third of £ F, will be one 
fifteenth. 

Js a Supplement U fhh. Fourth Bioi ef Euclid, 
. may be added this practical metbody to £vide a 
circle^ as A.fi C D, Inio any. number of equal 
parts^ not exceeding ten. 

Defcribe a ciKle, whofe center let be E, and 
Cfofs it with two diamettrs AC, and 
B D, at right angles to each other ^ Fig: l^ 
acxd fet off from the point A, A O, and 
AQ^, equal to BE the radius, and join OQ^, fo 
fball OQ^be the chord of the third part of the cir* 
cle ; then join AB^ which line AB will be the chord 
of the fourth^rc \ upon L, with the diftance LB^ 
defcribe the arch BM, and join BM, which line 
IhaU be the fifth part } AE, or BE the radius, is 
the fixtb part; and LO, ot LQ> thefeventk 
part ; bife<5l the an^e A £ B, and K A will be 
the eighth part; diyide the arch Q^AO, into three, 
parts at S, and join S Q^, which will be the nintW 
part i laftly» EM will be the ch«:d of the tenth 
part^ . 

BOOK 
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BOOK V. 

« 

2 . . I.' . 

''. p EFI NITI Q NS. 

■ * 

I. A Part is. a lefler quanllty c»mpar<cd with a 
jJnL , greater > thus a line of tvfo^ feet is a pari 
of one ofnve. 

- i; A Qaandty which h t)izS\y cpntainM a 
iDeitam niNnb«r of times in another i« call'd. an 
iritquolpart : thutaIin«of twofbetis an. aliquot 
part of one of four feet ; • kit. is t«rm'd an aliquant 
part of one oft five (os^ An ^inuQt pari; take$ its 
particular oiam^ fconi $hQ. number Qf tinn^s it i« 
i3CMitarn!dip tbequaotiiy /9f wliiidii it is a j^art: as 
when it isi coiufeia'd mtce» we cftU it a halfj if 
chrict) aibUiid} ^if {bur.tici^ay Afpurtb» i^f- 

• ■ > 

3. The Ratio of one magmtttde to anolheV^ is 
the relMton that the ohe has to the other, witk 
Regard to the niNiibe^ of times it contains>' any of 
sts«UqiiOt pisrts : thus the^Ratio dfta Uneof two 
Heetwltb dneof Jix,Ms^^hc pslatipn prie^e&it 
has to. a line of fisc feety in that it^once contains 
its third part, twice its'fixti), ami fo4ir > times^ its 
twelfth, Wf. c . 
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4. There arc two forts of Ratios : x. Whca 
one magnitude exadly contains a certain number * 
of times an aliquot part of another, as a line of 
two feet contains the third part of a line of fix 
feet exadly once, in fuch cafe the ratio is call'd 
rational. 2. When one magnitude does not ex- 
a£^ly contain any number of times an aliquot part 
of another ; as it happens with numbers or quanr ' 
tic ies which are incommenfurable. For example, 
the diagonal of a fquare is fomething lefi than 
three * times the half of its fide, and fomething 
fnove than five times the fourth part, bfc. without 
being the exaS oieafure of any part : in fuch cafe 
the ratio is irxationaL 

^ In every Ratio there are two terms, th^ 
fifft of which is call'd (he Antecedent, the other, 
f he Confequent : Thus in the Ratio of the mag* 
ottude A, to the magnitude B, A is the Ancece* 
dent, and B the Confequent ; on the contrary, if 
the Ratio is expreis'd^ as B to A, then is B tb^ 
.AfH^cedent, and A the Cooiequent. 

• 6- If the antecedent exa^y contains its con^ 
(qquenl a certain number of times, the Ratio if 
(ilird multiple, and is faid to be double, triple, or 
f Vadruple, ifi^ according- a& the antecedent con* 
tains its confequent twice, thrice, or four times, 
Vc. but if, on the contrary, the antecedent is ex- 
tfHy coBtati&lBd a certain niiniber of tioi^es in its 
confequent, ^e Ratio is cf^U'd (pb-muUiple, aiW 
Is exprefs'd according to Aepumber of times, by 
the words ftib-dc|uble, iub^ttijpiq, or fub-quadruplc, 

7. We 
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7» We exprcls the value of a rational .Ratio by 
the figure (hewing the number of times the aiite* 
cedent contains its confequent, or one of its ali- 
quot parts; and thefe figures we call Exponents : 
thus 2 is the Exponent of double Ratio, and^ is 
the Exponent of fub-double Ratio, In the fame 
manner ^ is the Exponent of a Ratio, wherein the 
antecedent contains three times the fifth part of its 
confequent. 

8. Two Ratios, whether rational or irrational', 
are faid to be equal, when the antecedent of the 
one contains any aliquot part of its confequent (o 
many times (whether exadly or not) as the ante- 
cedent of the other contains the fame part of its 
confequent : Thus not only two Ratios double^ 
or fub- double, triple,: or fnb-triple, are equal, and 
alfo all rational Ratios which have the fame Ex- 
ponent ; but even the irrational Ratios A and B 
ihall be equal, if the antecedent of the Ratio A 
contains the third part of its confequent fome- 
thing lefs than fix times,, and its fixth part fome- 
thjng more than eleven times, &c, and the ante- 
cedent of the Ratio B, in the fame manner con- 
tain^ fomething lefs than fix times the third part 
of its confequent, andfomething more than eleven 
times its fixth part ; and that the fame may be 
hid of all the other parts both of the one^ and the 
other confequent, 

9^ Proportion is an equality of Ratios : Thus 
we fay, there is a proportion between the magni- 
tudes or quantities { 1 S C D } *^ *^® ^^^^ ^^ 
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the quantity 4 ( A) the^ quantitv 2 (B) is equal 
to the Ratio of the quantity 12 (C) to the quan- 
tity 6.(D) which is ufuallv Qa|;prer&'d in the fol- 
lowing manner, A : B : : C : D, that is^ as A is 
to B, fo is C to D. Proportion requires ait leaft 
three Quantities ; for there cannot be two Ratios 
withoiit at, leaft three Quantities* 

Prop. VII. 

If the quantities A iahd B are equal, they will 
have an ^equal ratio to any third quantity, as C ; 
for the quax^tity A will contain every part of C, 
as many times as the quantity B will contain the 
fame. In like manner the; quantity C will 
have the fame ratio to l)oth the quantities A and 
^, becaufe ^twil| contain any part of the one as 
fiiany times as it witl contain the iame part of the 
4Dther* ,. * . . 

ft 

Pkor. VIU. . 

If A is greater than B, it will have a greater 
ratio to C, because k-will ^ftenc r contain any of 
its parts. On the 'contrary, C will have a lefs 
ratio to A than to B^ becaufe-the parts ef A being 
greater than thofe of B, they wiO be fewer times 
contain^ in C. 

P R OP. IX. 



Itwp quantities A iM^d B have the fame 
A third as C ; ,or if C. has the fame ratb 



If the 

•■ • . ' 

ratio to a 

to A as to B i tlie quarititles A and 6 are equal. 

P R o 7« 



t 4* } 

* - ' 

P ft' p. 3C 



H: • . . 



If A has a grcai« ritio to C'than- Bt; ^r if O 
has a iefs ratio to A than to B s A tmift b« greater 
than B. 

7^//^ two Propofahnf ^r ^mcnifitcifd €» the 
foregoing* 

P jL o P. XL . ' 

Irts evident, thattwo ratios aste^fiiAt if each- 
Is .cqiiaf to* a tWrd* * 



• -* ■ ■ = 'pii'pK xri. •- •' • , 

' = If A: 'BV^. 'C( D, fhenlr^ eoiijiin Abn ^ airf 
CJBwidD'':rA'tB. 

Demon. If A contains twice the third part of 
B : C will contain twfce the third part of D, and 
confequently A and'C WBI contain twice the third 
part of B and P* ,^. , 



Tftop/Xllt. 



/ • *. 



If A : B : : C : D, and A, has a;greater ratio to 
B, tfian E toF, it is evident, ' that C will have' a 
greater ratio to D, than £ to F, • • 

• ItiskKbeVideitt, thai A is to ff, %s the half of 
'A to the hatf^.of B^ the fourth of A to' Ae fourth 
of B, and To to the other aliquot parts of A/ ^nd 
ofB. 

Prop. 
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P R o 1^, XVU 

If A : B : : C: D, then by exchange, A : C : : 
B : D^ fuppofine thefe four quantities cf the fame 
kind, that is aH lines, or all fuperficies, or all 
felids. 

Demonjt. If A it ^ of B, theft will C alfo be 4 
of D; fecmg therefore ^ of B, are to 4. of D, ai 
B to D^ (by thcf precedinz] it maV be (oncItiM 
ihatA:C::B:P. 

Peop. XVU. 

« • 

♦ • « 4 * M. 

If A : B : ; C : 0» then by dirifion A Icfs 3\ 
B:iClefsD:D: 

I>mofift. if A contains ^ of B» C ^H 9lfi 
tontaki -f of D ; then as A Jifirfi} is equal to £ 
of Bj fo C lefs D> is equal to | of*D'; bvt rt 
A is left thahB. A lefs B wilj be a negative 
quantity, and ebiiftqiientiy D Aoft alfo be greater 

Prof. XVIII. . 

^ ' ... 

IT A : B : : C : D, then by compofitlon A mor^ 
B : B : : C morcD : D. 

. Demonji. If A contains 4 of B, C will contain 
I of D ; then as A more B, will contain 7 of fi } 



. Demonjt. If A contains 4 of B, 
I of D ; then as A more B, will Ci 
fo C more D, will contain 4 of D. 



Pe 9^« 



>!•» 
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PR6r,XXIL 

If A : B : : C : D, ^ndB : E: : D : F, then b) 
equality of ratio, A : E : : C : F. 

Dempnft. If A is the third part of B, C will 
be the third part of D ; and if B is the fourth part 
of E, D will be the fourth part of F ; therefore 
a$ A will be the third part of ^ of £, fo C will be 
th64ofi<tfF,. 

Prop. XXIII. 

If A:B: :E : F^ and'B: D: : C : E, then by 
interrupted ratio, A ::D : : C : F. . . . - 

Demonft, If A is 4 of fe; E will be 4. of F ;. 
and if B is ^ of D, C will be ^ of E; then as A 
will be 4 of I, or Tf4 of D i fo C will be ^ of ^, 
drT-iofF* 

P R o P. the Laff. 

If A : B : : C : D, then by inverted ratio, B : 
A::D:C. 

Demonjirat. If A is ^ of B, C will be ^ D j 
therefore as B will be four times A^ fa D will be 
four times *C. 

Nn B, The preceding demonftrations arc uni- 
verfal, tho' they feem' appropriated to particular 
cafes \ and may in the fame manner be applied in 
all cafes, both for commenfurable and incoromen- 
furable quantities ; for what is her« faid of third, or 
fourth parts, may be as well obfcrved of any other 
idiquot parts* 

BOOK- 
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BOOK VI. 



DEFINITIONS. 

I. yi ReSilinear figure is faid to be Inrcrlbed In 
J^\^ a curvilinear, when all the angles of .the 
former fall exa£tiy into the boundaries of the latter; 
and a rectilinear figure circumfcribes a curvilinear, 
when all the lines of thefirft> if it be a furface, or 
all its planes, if a folid^ touch tbofe of the laft. 

2. If all the angles of the triangle A B C are 
equal to the angles of the. triangle 
EDF, that is, if the angle A be equal Fig. i, 
to the angle D ; the angle fi to E ; and 
C to F$ the two triangles are call'd fimilar. As 
for other figures, they are faid to be fimilar, when 
the triangles of ivhich the one is compofed, are 
fimiiarto the triangles which make up the other. 
Thus the leitilinear figure A is fimilar 
to the redilinear figure B, if the three Fig. 2» 
triangles which compofe the figure A, 
are fimilar to the three triangles of the figure B : 
but circular feginents a$ C D . are fimilar when 
they contain equal angles C and D« 



3. Homo- 

4 



r 
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4 

^ Homologous (kles, are tbofe which 
triangles are oppofite to equj 

Fig* I. Thus the angle A being equ^ 
angle D, the fide C D Will be 

goiis to the fid&£ F. 



4* A ratio is faid to be compounder 
others^ .when. it& index, or Exponent is 
du£t of thofe two exponents multiplied 
Thus a foKtl^pI^N ratio is comppuiuied 
and triple'ratio ; for ^, the exponent 01 
r^tioy 'mukipljed by 3, the exponent 01 
produces 6, the ex]^onent of Textuple ratio* 

5; If the cJcponent of any iatio be m\ 
into itfelf, it will produce a ratio double or it 
to tt>e firft. Thus quadrtipHcate ratio is th^ 
of double ratio; becaufe multiplying 2. 
ponent of double ratio^ by itfelf, it produces] 
exponent of quadruple ratio. So aVo tl 
whofe exponent is ^, is double or duplics(te 
whoTe exponent is 4« 

6. If the exponent of any ratio be muh 
by the exponent of its double or duplici 
cio, the produdi will be its triple br triplicatt 
Thus the ratio, whofe exponent is 8, wl 
triple to ^he ratio whofe exponent is 2* InJ 
manner the ratio whofe exponent is ^ 
triple to the ratio whofe exponent is y. 

h E^M M A. 



In a fuccefiion of quantities, as A, B, C, the 
tio of the fi(ft to the laft will be compofed of 1 
intermediate ratios i that is, the ratio of A to 
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■^ be; ^aofngcnndci x>f the' ratio of • A lo S» «ad 
Df BtoC. 

Demonjl. If A U the third part of B» and B 
the fourth part Of Qf A will be the 4 of ^, that is 

«-4 of a ' ^ 



f r 



' ■ . ■ ... ■*■■} -. " 

' l^fftfi ivhei^crtfdHows, thkt if fever^l magflf* 
^tildes as A', B, C, D, fe, have a comifion >ratio ; 
ihat i« to (ay, if A ::B : J B: C, and B : C : : 
C : D,, &c. the^ratio^f kiq G» Wft( be douMe 
tfte patio of A fp 'fl 5 arid 'the liatio of A to D wilj 
he triple thifr ratto^f ' A to S ; • becatife.the ratio of 
A to € is oompndiriitted of^ the ratios of A to B, 
andtjif-BtaCt tod the¥attoof A to D 13 com- 
|>oufldedof the ratibsof A to C, and of C to D, 
wefAtoB; ' ( 

.'.:■. -'piop.Jr. • ' ^ ■ •' 

' If the triangles ABC, BCD, are of the " fame 
ticight, that is to fay^ ftand between 
the fame parallels/ the trian^ ABC Fig, 3* 
will be to the triangle B CD, ^s the 
bafeABtothebafeBD. 

Demottfi, Sdppofe the bafc A B, to be but a 
third part of ^ bafe B D , then drawing the 
lines CE, 'CF, to thepotnts E, F, they (hall 
<lividie the l?ne BD mto Arce cqoal parts, and it 
wiB appear, that thetriangte ABC will be equal 
to the triangle BCE, (by 37, i.) which is but 
, the Akd pa¥t of the triable R C'D. 

-Irtihefaraetnatiner, It is dennronftraWe, that if 
the bafe A B were but the fourth part of the bafe 
fiDj'thc trianglt ABC would be but a fourth 

part 
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part of the triangle BCD, life. 'The fame 
extends likewife to Parallelograms, 



P R o p. II. 






< » 



If the line DE be drawn parallel to the 
ACy of the triangle ABC, it will 
f!g^ A'* ^^ (idfS'ABy B-p^ . pcofipftiaiiail 

that is tp fay, the part AD will 
to the part B Df, . 96 the part C E. to. th^ 
EB. Draw A E and DC. ^ , 

Demqnliration^ The trjangles DEA* PKC^ 
ving the fame bafe .D E> auid being, between tl 
iame parallels C £,; A C, are equals, (by 27. i 
therefore the triangle .^ DE will b^totb^trjl 
angle DEB, as the triangle D E'C to the fan 
triangle DEB, (by 7. 5.) but the triangle AD 
is to the triangle DBS, as AD to DB, (by i. b. 
as is likewife the triangle C D E to the triangi 
DBE, as CEto'EB; thereforcAD: DB: 
CE:EB.. ; ^ 



Prop. IV. 

< I 

If the triangle A B C is fimilar to the triangle 
DEFy the fide DE will be to tjie fide 
Fig. s* ABy which is homologous ^o ft, as the 
iide F £ to its homologops fide C B. 
Upon ED take the line EG, equal to AB } and 
upon EF take, EH, equal to BC; and draw 
GH- 

Denwnji. The triangle EG H, will be equal 
in every refpe<a to the triangle AB (p, (by^* i.) 
and the angle G will be cfqual to the angle A) (^t 
to the an^e D ; therefore (by Cor. to 15. i.) the 
lincGH will be parallelto the line DF^ and 

confe- 



r 
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lequently (by the preceding) D G • G E • • 
DK : GE, or AB : : FE : HE, btflC. 

Prop. V. 

. ■ r • • • 

If the fides of the trisiigle ABC ait prdp6r- 
tional to the fides of the triangle DEP ; 
frhat is to fay, if ar AB : DJE : : BC : Fi/ 6 
EF and : : AC : DF, the tvlro trlift- * ^ 

gles arc equiahgiilar. Upon DF defcrtbe the'tfi^ 
angte DGF, io that the angle D may be equal 
to the angle A, and the fihgle F tof thd angle C. 

JDemof^. Since the Irfangle 'tt¥G is fiftlilar 
fo the triangle ABC, DF i DG : : AC : ABi 
(by 7. 5.) or : : DF: t)E, therefore DG \k 
equal to D£*; iind fii the fame manner F£ t^ill 
be equal to FG ; and the triangles D£F, DFG, 
will be equal in every rcfpfeA, (by 8. i.) therefore 
the triangle DF£, will be equian^Iarto the(ri« 
arigle ABC, as is the triangle DFU. 

Prop. VUX. 

. If the, triangle /LBC has onis angle right, aTs 

B, the perpendicular BD fliali divide 

jt into' two triangles, both fiiriilar to Z*^. 7. 

Jtj b^aufe they will each have one 

right* angle as the given' triabgle ; and will If k^ 

wife each have one angle cbmihoti With it. 

Pit b t: IX. 

To divide thtf Vmt AB into any 
number of equal parts/ Draw the line //]f; ^, 
.BC, atpfcafure, abd with anjr opening 

D of 
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of the compafs fet off fo many equal parts ti} 
the line BG, as you intend to divide the line AB' 
into ; for example, 4 : then from the point G^ 
which determines the laft, draw the line GA, td 
which drawing parallels thro' the fevera) divi(ion» 
of the line G B/to wit, F H, E L, D M, an< 
the points H, L, M, (hall divide the line AB uito 
4 equal parts. 

Dimonft. As the line BD : to the line BG : : * 
BM : JJA, (by 2. 6.) therefore as BD is. the 4 
of BG, fo BM will be the i of BA, iifc. 

To make the work eaficr, draw AN, pa- 
rallel to B G, and fet oiF upon AN the fame 
divifions as upon BG ; then drawing your lines I 
firom the marks on one, to the correfponding marks j 
on the other, fuch lines will be parallel (by 21. i/) ' 
and the given line wiU1)e divided as requhredu' 

P.R P. X- 

To divide the line AB in proportion as the line j 
£ is already divided. DraW the paral* ' 
Fig, 9* lels AD, andBC, equal to the line E» 
and lay down the divifions of the line 
£, upon the line AD, be|inning at the point A ; I 
do the fame on the line CB, beginning at the 
point C ; then drawine thro' the marks HL, the 
fmes HL, they fhall divide the line AB, as the 
lines AD, and BC, (by the preceding} or as the 
given line £ was divided, ' j 

Prop. XI. ' 

To find a third proportional to the 

pig. 10. lines A aiid B. From the fame point 

£ draw two lines at pleafure, making 

any 
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f any angle ; then taking EO* equal to the line A^ 
' mnd the lines OH, and EK, equal to the line 

B^ draw HL parallel to OK s fo ihall the line 

ICLr be the third proportional fought. 

J^enanft. EO: OH : : £K ;KL, (bya^d.) 

therefore A : B : : B : KL. 

Prop. XII. 

The fame muft be done^ if a fourth proportional 
to the lines ABC be demanded. For 
making £ O equal to A, O H equal Fig, lo. 
to B, and EKl equal to C, KL will 
be the fourth proportional. 

Prop. XIII. * 

To find a mean proportional between the line 
A and the line B. Upon the fame line 
lay down A B equal to A, and B C Fig* tt: 
equal to B ; then having defcribed a 
femicircle upon AC, draw the perpendicular BO« 
which will be a mean proportional between AB 
and BC. 

DftMH^at. The angle ADC, being a right 
angle (by 31. 3*) the perpendicular BD willoi« 
vide the triangle ADC, into two fimilar triangles 
ABD, DBC> (by 8. 6.) therefore AB : BD : : 
BD : BC. 

Prop. XIV. 

1 V 

If the equiangular parallelograms A 
and B are equal, their fides fhall be in Fig* it* 
leciprocal ratio to each other ^ that is 

Dz the 



» 



tdte fide £F is to the fide FG, as the fide^ HF ta 
thefide-FL 

Demonji. Since the parallel€>grams A, B are 
^qual, they will have the. fame ratio to a third C. 
(by y/s'Obut A: Ci: E Jb: :,£ G, (by 1.6.) 
and fe : C : : HF : FI ; therefore EF /FG: : 
HF:FI. 

In the fame manner if the fides of the (aid pa- 
fallelogramd a(re in ref;iprocaI r^tio, we niay con- 
clude them e^ual s becaufe A will be to C, a6 S 

<oC. 

... 

^ Prop. XVI. 

If the four liaes. 4) ^9 (^9 ^ L^^^ proportt<»iai| 
a parallelogram £, made with the firft 
fig. I j. and fourths' Che twa fxtreaoi^^ will be 
ec^ual to. a. fimilar parallelogram F, made 
with tlie &G6ndAnd thkd, the two means, be* 
caufe their. fides, .will (by the.'preoeding) be iii re-* 
cipr6caLra(io» that 13, the fide A: fide B :-: G: Dk 
.^ It would be tfae.fanie thing if tbeline^ B and G 
were equal ; therefore we fay, that the fquare cf 
a mean pto^rtlonal is equal to (be re^ngle of 
cbe two extreams^ 

COROL. I 

- - . . ♦ ^ 

If the lines AB, CD, cut each other within a 

circle, . at the point £, the re£langle 

Fig. I4« ' contained under the, parts A£, £B, of 

the one wUl be equial to the redangle 

<tf the parts C£, £0, of the other. 

Demnft. The itriangles A E.C, DEB, have 
the oppofite angles £ equal, (by 15* i«} an3 the 

« angles 
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angles C^ B refilling upon tht fame arch AD are 
^ailfo'equaly (by%r. 3.)thercforclheyire tlmi)^, 
•mJ'cotifcqwntty (by 4. *.) AE : ED : : Cfi : EB*; 
therefore the reAangte cdntained under AE^ £B^ 
^11 be equal to the reftangle contatn'd under 
DE, CE (by the preceding.) 

COROL.lh 

If from the point A without » cird)e you dra# 
the line AC cutting the circle, and the 
line AD a tangent to it;rthe refUngl^ Fi^^ 15. 
contain'd under the Jin^ A^, and' the 
part AF9 withouf lEhe ^vcle^ will be equal to the 

^iw<7n/?4 ^fic , tnandcs C A I^, ^ II F» H^ 
iumt^irs uaving t^e an^e Ajcbmmon, 'alnd tne 
angtc ' C equal to^* iHkh angle ''ADF^ ^^jr jji« 3<4 
therefore AC : AD : : AD : AFi (by 4, 6.) ana 
confequently thefi}Usireo( the mean proportional^ 
AD will be equal to the rectangle of the two ex«- 
tKjESdfOS ^C^ Afx t>?I the jrf ccdingjl 

P & o p, XIXL 

« 

« 

If dietritngles A and Bare fimiliir^ the triangle 
A will be to the triangle B in a dupli- 
oate f at io ta (he ratio between* their ho* Fig. i6». 
piolpgous i^des, Th^t is fay, if the 
!b^:^M 19 double the bafe GH« the triangle A» 
will be quadruple the. trian^e B» 

fiifmnj^. dividing equ^ly the lines LM in; 
the point D, and LC in the point E, and draw- 
ing DE) DC, it will appear, that the triangle 
%LiD is equal to the triangle B> (by 4,. i.) be« 
. ^ Dj^ caufot 
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cavfe the angle L is cqiud to the angle G» and the 
fides LD) LE, equal to the fides GH and OF.. 
fi«t the triangle LED, i$| of the triangle LCM^ 
^11^ but ^ ^ the triangle LCD, (by i • 6. ) whick 
is itrelf but i of the triangle LCM $ therefore the 
triangle 8 is ^ of the triangle LCM . 

In the £inieiti9Xiner it itiay be denionftrated, that 
If LM is trtfiie GH^ or quadruple^ the tnande | 
A wouM acxxM«r^7 be vim^ ^fo«eeii(dittMsa'uft 

J^^ij^« m itdifMaiiieiailtoaf tMirlMWolQM 

p ft Q» K xxnt^ 

M the paaaffefegrajBis A aodiB arecqa}aBg;uEur^ 

the ratio of the paralletograna A to the 

Fig. i8. parallerogram B wiU be compofed of 

the ratio of the line CO, to the line 

2)E, and of the ratio of the line GDy to the line 

D F- 

• Demonjt. If CD is | of DE, the parallelo^ 
gram A Will be ^ of the parallelogram H, (by i, 6.) 
and if GD is ^ DF, the parallelogram li will 
he ^ the parallelogram 6> and the parallelogram 
A will be f of i, or ^, /. e. t of tha paraUeIo« 
gramB« 



Pkqp* 
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Prop. XXX. 

If the line AB be <Svided ifl the pobit C^ fo 
^3t the Fcftangle contained under AB^ 
and BC, be eqaal to tbe fquare of AC, Fig. 19. 
(br z I. 2.) then is fiich line divided in 
cytream end rackti [sx^xKtion; booinfe AB; 
AC;:AC;CB. ((716,6.) 
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BOOK XI. 



DEFINITIONS. 



-A 



S»Sd'a I inunitwle wherein we coniUcr 
lengtbf breaoth, mA thickncA. 

a. A line! ifdtf Offi^ plane, wben 

it 1 ^y^ witb^'.^l the lines 

F!g. I. of T^us the line A B will 

be » ditoe C0EF, if the 

angles CBi ^BA* ^'- ueright. 

From this d feUowa, that two lines 

cannot be pi to tbe Amt flme, and 

f^ upon tbe 

3. If the planes Gaud D cut each other, fbme 

of their pcuntSj as AB, will be found 
Fig, it in bodli planes* and a right line drawn 

thro* thofe points mil alfo pafs thro' 
both plaoes, and is Aerefore cali'd then ttmmm 
Stitiat. 

4. The angle made hy the plane A, with the 

FJane B, is the fame as would be mjde 
jr the lines of both, which are pefpen- 
dicular to their icommoD fedion, aa 
DGC,CSF. 

5. Solid! 



plan 
F'S- 3. bjr tl 
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• ^» • 

.5; Solids arc equal in every rcfpcft;.\^Ifen tWejpu 
aft bounded with an equal numberof equarfur^ 
jEaceS) and difpofed in the fame mamiet; 

6. Simitar Solids are bounded: with ao> equ^ 
number of fimUar> furfaicesy. and: diigofbd. in tlic?. 
fame manner. • • ^ 

7. A Iblid angle is- form'd by the 
concourle or meeting of more than two PffiAtt. 

\ planes in the fame pointy not making^^ ^ ^ 
one plane, as B*. 

• * 

8. Parallel planes are fuch a» being, infinitefjlr 
prolonged will not meet.. 

9i A Pr/ym is a body bounded with two righl^ 
llrf'd parallel planes, equal in every re- 
fped> and by an infinite number of right Fit* St 
lines pafling from .the one U> the other^ 
as ihc body A>. ' •: . . 

ta. Paralklepitides: are bodies bounded hjf 
fix planes,- of which every oppofite two *^ ^ ^ 
are parallels, as B. . When thcfe fix Pig^ 6^. ' 
planes are fquares^ the paj^alTelepipedont 
is a Cuhe^ as C ' 

iTw A Pyramid^ is a body bounded by oii^ 

right- linM plane, and an ihfinite num- 
ber of right lines, draw from the err** Fig^ 7^ 
Gumfefence of the faid right-lin'd plwe^v 
toa (toint without it^ as t>. 



I 
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12* A Cylinder is a body bounded by two cir- 
cular planeSy equals and parallel, and an»j 
Fig* 8* infinite number of right lines paffi^g 
from the one. to the other, as £•; Xhe 
Jine coone&ing the centen of the two circles is 
called the ifrii,^ as £F. , 

T^. A. Cent is a body bounded by one circular 

plane, and an infinite number of right 

Fig, 9.. lines, drawn from the circumference^ to 

'a point without its plane, as H*^ The 

line joining the center and the faid point, at the top^. 

ex vertex, of the Cone» is caU'd its, Jxis, as £H« 

14. A GloBiy or SpbiTiy is a body whofe ex- 
tream parts are all equally diflant firom 
Fig* J0» a certain point within it, which point 
Js call'd its center, as P* 

Prop. VI. 

If the lines AB, CD, are perpendi- 
Fig. II* cular to the fame plane, they ate pa« 
rallcl, 
Demonfi. They will be in the fame plane, to 
wit, that which would 1)e defcribcd by the line 
CA, if remaining perpendicular upon the plane, 
. they both meet the line C A : farther, they will be 
"perpendicular to the line AC^ (by Dtfy i.) there- 
fore they will be paralleU 

Prop. 



.1 
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pRop^ viir. 

R the lines AF» CI>, ire paralleF, anJ AB 
f^t angled upon t plane, CD fhaU1)e 
perpendicular upon the fame plane f Fig^'iim 
otherwife, one might imagine the line 
C£ right upon- the plane^ wbichwouldthenbe 
alfa , parallel to the line A^ {bf the prccedingji 
whick cannot be» 

P R o p. IX. 

I£ the lines A and B are parallel to a. third C^ 
the/ will be parallel uy one another ^ . 
for imagining a plane, upon which the F!g, I2«. 
line C is right or p^peadicular» the 
lines- A and By which are parallef to the line C» 
wiU berigb^ upon the fame plane^ andcoofcqu^t* 
ly parallel to one another. 

P R o P. X» 

If the line AB is parallel to the line 
€D, and the line BE parallel to the ffg. 13^ 
line DFt the angle AB£ will be equal 
to the angle CDFI 

Dem^. The Tmes AB, CD^ and £B, DF^ 
. beings equal, the lines AC, EF^ wilt be equals 
and parallel to a third BIX and coniequentfy: tot- 
one another '% therefore the lines A£, CF> wilt be 
alfoequal, (by 33. i.} and all the fide?- of the tri- 
angle AB£» willbeequal to thofe of the triangle 
CDF, and. confequently^ (by. $•> I-X^^^^- angle 
Afi£ equal toibe angle CDfl 
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It tbe paratldl f\m^ A an4 B ^su^e gutliy a 

third , plane CDF£» th^e^np^on 

JOg. 14. fi^ioifs CD» £F, will be alfo p^irjaiel ^ 

hecaufe . tWey miU he in th^ fame pl9a^» 

and can neirerxaeet» anymoris than/^be (vik> (iUuvs^ 

i^fiid£» , 

Prop. XVUI. 

If tbe ItneASfis right upon the plane OAFD» 
all the plane$ which can pafs thro' the 
/*/§:• 15. Kne AB <m^1 be perpendicular to ihe^ 
^ fame plane ; becaufe the line A B, 
which determines jthe angle. every fuch plane will 
make with the plane O^AFD, ftands kfelf tt^ 
right angles to the faid.plane,- (by Def. 2.) 

A 

Pro*. XXIV. 

• » ' 

If a body is bounded with fix planes, of which 
every oppofite two are paraltel, as A 
Pig. lis. and B, C and D, £ and F, thofe ^- 
pofite planes are equals and fimilarpa* 
rallelograms one to another, 
' Demonft. Since the parallel (Janes , A and B 
are cut by tbe plane D^ the common feflions 6H, 
and KI, will bie parallel, (by t6. 11.) 4b will alfo 
IH, KG, and tbe figure HIK6 will be »paw 
ralletbgram. In the fame inanner the figures 
GKLN, KLMI, IMO«, OHGN, 
O N L M, will^be parallelograms ; and confer* 
quently the lines anfwering.jeach other Me equal, 
asGK, NLi OM, HIi andGH, ON^ ML, 
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KI. Farther, the angles which anfwer tz^ <>d^ 
are ecjuaF, as the angle HGK to the ande ONL, 
Iccaiife the lines HG, ON, GEC; NL, are pa- 
rallel : Therefore the planes D and C, and the 
other correfpondent oiies^ are equal, and fimilat 
{arallelogramis. 

Prop. XXVia 

If the parallelepipedoh Abe cut by the plane 
BC, paffing thrd" the diagonals oF two 
oppofite planes, the two parts will be- Fig, ij. 
come two equal prifms^ fince they will 
be bounded with an equal nuntber of eq^al and 
fimilar plants^ di/po&d in the fame manner*. 

P & o p. XXIX. 

If the parallelepipedes ABE F DUG and 
AB N M O OL have the fame bafe 
ABD, andnhe fame he^hth. IX H, Fig. iS.^ 
fhey are equal ^ becaufe they have the 
primt A BD'H G N M common^ and the priTnt 
ABNMEF is equal to the prifm DGEjOL,. 
tjierefoie {by ^x. 3.). the two parallelepipedes.are 
equaL 

P R OP. XXXII& 

If the parallelipipedon A is (knilar to^ the pA* 
rkUelepipedon £,. and the fide BC be 
douUe the fide FG, whicb is homolo- //>. 29^ 
gous to it» the parallelepipedon A will ~ 
be eieht times the mag^tude of the paiallelepipe« 
donEt 
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- Bkmnft. Since BC is double FG, BI> wiir 
be alfo double FH, and DL double Hi , If then 
you divide the parallelepipedoa A, in its length, 
breadth^ and depth, into twa equal parts,, you 
Wilt make eight pa'ralleTepipedes, any one of which, 
as M,. having all it» planes equal, and iimilar to- 
the planes of the parallelepipedon £, will confe* 
quently be equat to it, m every refped)^ 

In the fame mannec if the line BC be triple 
the line FG, it might be proved, that the paral-* 
lelepipedon A would contain twenty-feven- times 
the parallelepipedon £ ;. from whence it follow^ 
that (imiTar parallelepipedes are in triplicate ratio^ 
of their homologous iides ; as are alfo (tmilac 
prifms, which are the halves of funilar parallele-^ 
pipedes.. 

Prop. XXXVIIL 

Ifthe plane A i& right or.perpendicular upon the- 
plane B, and.from the point Abe drawn* 
.^ig.ZQ.. aiineAB, perpendicular totheiccom- 
mon iefiion CD, it will benight upon 
the plane 6* 

Demonft. If from every; point of the line CD. 
Were drawn lines all right to (he plane B,! thejir 
would conftitute the plane A> and one of tho^ 
lines mufl be the line AB« 
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BOOK XII. 



P R O P. L 

IF the Polygons R and O, infcribcd in circles^ 
. are fimilar, the fide A£ will he to 
the fide C F as the diameter A B : to JF^g. i» 
the diameter CD; becaufe the trian* 
gles ABE, CDF, are fimilar. 

The fame ma^ be demonftrated of all the Uaei 
which bound a fimilar arch* 

P R o P. IL 

The greater the number of fides to a polygon^, 
either infcrib'd In a circle or circum* 
fcrib'd about it, the left it differs from a Fig. Zm 
circle ; therefore a polveon having a 
very great number of u&, fcarce differs at all 
from a circle : from whence it follows, that as po- 
lygons are in a duplicate ratio of the radii of the cir- 
cle in which they are infcribed, (by the preceding) 
fodrdes alfo are in. a duplicate ratio of their radii. 

COROLLJRr. 

Cylinders may be alfo taken for prifms ; fronu 
whence it may be concluded^ that fimilar Cylinders> 

are; 
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are in, a' triplicate I'^tio of their homologous fide^^ 
01; as the cubes of the diameters of their bales*. 

F g& O B. III. 

Two pyramids A, and" B, having'. 
Jpijf* 3» the fame baje DCE,^nd Heing between 
the fame parallels, DE^ABihall be equal*. 
lUmmfi. The triangle .DC£ is compofed of 
an infinite number of lines parallel to the line D£. 
If from the ends of tbefib lines other lines be drawnt 
to the point A, they will conftitute an infinite 
numiber.of triangles, compodng the pyramid A: 
In like manner the pyramid B would be compo- 
fid, if the faid lines be brought to the point &. 
But every one of thofe triangles which compofei 
the pyraoiid A will be equal to each of tbofe whicj^^ 
firm the pyramid By (by 37. i.) therefore the. 
whole pyramid! A (ball be eqjial to the whotc: 
SyramidB* 

P R o p. vir. 

The triangular pyramid DEFC \^ but the 
'^ ihiBd part of th6 prifm A.B C D E E,, 
tig. 4* haying the fame bafe, and equal fi^ightb; . 
becatde the whole prifm contains two< 
more pyramids, vi%. ABFC, and ADEC, which • 
having equal bafes ABE, and ADE, and the fame 
vertteC, are equad, (by the preceding) and one 
of theffiy. viau ABEC, is equal to the pyf9mi4- 
DEFC, (by the preceding) becaufe it has both 
the fam£ baifa^ and thifc (^ Keighth as the prifm.. 
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It is the (aoie Moe with pyramids which are 
not triangular, becaule they may be divided into 
triangular pyramids. From whence it followt* 
that flmilar pyramids are in a triplicate ratio <^ 
their homologous fides ; and confcquently cones 
(which may be taken for pyramids of an infinite 
number of Cdes) ai they alfo are a third part t^ 
cylioders, of thefame bafe and beighth, are llke- 
wUe in a triplicate ratioof their homologous fidet, 

P k r. the Laft. 

A Globe may be ctuifidefed ai compofid of an 
in^nite number of pyramids, whofever* 
texw meet at the center of the Globe, Fig. 5. 
their bafes compofing its furlace, and 
their lides forming its radii. So that each pyri* 
mid compofing the globe A, bring to each pynmid 
compofinethe globe B, in a triplicate ratio of the 
radius AC, to the radius BD ; the globe. A will be 
to the globe B in a triplicate ratio (^ the radiui 
AC, to the rtdiui fiD. 

The £une may be faid of all other fimU v bodifi^^ 
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PART 1. 

Ck^bmSfyn if At Ta^ tf ^ats^ 

DEFINITION Ss 

AN Arch is a part of the circum- 
ference of a circle, as ABC s Figk f • 
tie right line AB extending from the 
Itieend of the arch to the other> is called tho 
llhodrd^ or fubtendent of the arch» 

The whole circumference of every circle i&fup«* 
pofed to be divided into 360 degrees, each 
degree into 60 minutes, and each minute inta 
6q &coQds^ (^^^ 

a. What 



2. What an arch wants of 90 degrees » ts calTil 

/its complement \ 2lM its defie£l of j^ 
Fjfg". 2. dejgrces, is call d its fupplement. Thute-I 
the arch AC is the complement of flic 
^rch A By if B A C contains - 90 degrees ; and 
AD is Its fupplement, if the whole ^ure 19 a 
fomicircle. 

3, The right fine of an arch is a right line 

faltinl^ from' (he one end of the arch per- 
Fig* 3» pendicuUrl V on the dbmcter that termi- 
nates ip'^ tke o^er end.^ Thus'JSC 'la 
(die right fifie cif the arith' BA| ^ oT iu fupple^ 
ment^BR : : / .V — t ' * ^^^ 

' 4* The fine complement, or co*fifie of an ardl^ 
is the rieht ikie of ^4ts co^mplf me^C Thus fi£» 
which is uic right fmt of ^G/ihc cbmplement of 
^ArisWrd.thi finn complement^" or' co-^nt 
of BA ; and, finc# B£ ii iiyt^ys tqfiH to DC» 
therefore QQ is caU'd the fine cocoplemeai of th<^ 



^^■<MMiai>Iini«>IB«WV«aw««. Jii«^*> > 
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5* The ve^ed ime of ah arch Is th^t part of 
the diameter contained between the areb and Uf 
ght £ne. T bus CA is the ver fed fine of the area 
A; and ^f or the atcKJiF. V. Fig. 3. ' . 

6« The radiiaa o/a circl)r» as GD, is call'd the £ne> 
total, becaufe it is tbc grc^tefl^ right fine. V.Pig^^^ 

■N. • 

7. The tangent of an arch is a right line 

touching one qnd of the arch , and. drawn. 

pg:> 4« without the arch, parallel to the right 

fine till it me^ta the radiiis produced thro* 

tb» 



Ac pdier end : The radius fo produced is calKd a 
Meant. Thin AB is the tangent of the arch 
AC^ and DB the Secant. 

Thus the Tables of Sines^ Tangents, and Se- 
. C9i?t%' ben^ valued by the proportioo t^ey 
bear to the radfus of evcrjr ckdc, and that 
propoi:^ ion being in numbort often irrational, 
tlie Tables cannot be jmkSdy nz& ; but 
that there may be no fennblf error in their ap- 
plication to jpradice, the rsfdiiM of each cir- 
cle is dividedihtoioooooeqiial parts ; and the 
. Tables (hew how eiaoy of fiijh umt ve con* 
taihM, in every Sine, Tangent, aai Secant^ 
negle£ling the frafiions. 

L B M M A. I. 

In every four-fided figure ABDE, infcrlbed in 
a CKcle^, the refbngle made by the dja- 
gpnals ADy EB, is equal to the two Fig. 5« 
red^iigles . inade by the.oppofite fides of 
the faid figure, to wit, the re£tani^e made by £A» 
PB, and there£lang)e made by^D, AB. Draw 
EC, fo that the angle ABC may be equal to the 
angle pfeE. . , 

. l[>ffonjftraU The triangle ABC is fimilar to 
the triangle £DB i for befides the equal anglef 
A^C, DB£, the anglic B£P is equal to the 
angle* BAD, (by 21. 3.) Therefore (by 4. 6.) 
A B : A C : : £ B : £ D, and conTequehtly the 
re£bangle of the extreams AB, ED, will be equal 
to ^exe^angle of the means AC,£B, (by 16. 6.) 
I In the fame manned the redangle upon A£, BD, 
I will be equal to the re<9angle upon DC, £B i^ be« 
! caufe the triangles BCD, BA£, are fimilar, and 

confc* 
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coriii|uently the rectangle upon £B} and the ynhdt 
Nnc AD, wilt be equal to the two refiangles upod 
AB- ED, and upon AE, BD. 

L S M M A II. 

If the area ef the re£langle ABCD, and on^ 
of'ks fides AB, be given, the othdr 
//*f . 6. fide A D, may be found by dividing 
the reSartgle, by the fide knbwn. 

' * L E M MA in. 

- If A ; fW :*C • D, and A, B, C given, D may 
be found; by multiplying B by C, and dividing 
the product by A, fince that product is equal to 
the pcodud of A by D, (by i6» 6.) 

P R O P. I. 

The dfameter AC and chord of an 
f$g^ 7* arch A B, being given, the fupple- 
mental BC may be aifo found. 
Demonfl. The angle B being right, the (quare 
of the diameter AC will be equal to the iquare 
of the line AB, and the fquare of the line BC, 
(by 47. 1. ] and confemiently if the fquare of the 
line AB be fubtrafied from the iquare of the 
diameter AC,* the fquare of the line BC will re- 
jnain ; the root of which being extrafied^ will 
give the line BC« 
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P R. p. I|. 

The cllt>rd BC of ah arch being given^ 
the chord C A of an arch double CB Fig. & 
ii)ay be found* Draw the diameter BO9 
sind the lines D A» DC, then will DA be equal to 
DC. 

Demonji. DA, DC, may . be ibiind by th« 
foregoing. Multiply AB by CD, and CB by 
AD» the fum of. the two produ&'Vill be equal 
to the redangle made upon^BD and AC, (by 
Lemma i.) therefore dividing by BD, you have 
CA, (by Lemma a.) 

Prop. IIL 

* 

The chord AB.being known, the chord DB of 
^^ arch triple to AB may be found. 
Draw AC, jand CD, equal to AB % Fig. 9* 
draw alfo AD, CB, which may be 
ktiown as before. 

Demonji. Multiply the chord AD by the chord . 
BC, and the produd will be equal to the two 
rectangles upon DC, AB, and upon CA, DB^ 
(by Lemma i.) then fubtra£ling the redangle 
upon CD, AB, the remainder will be the redan* 
gle upon CA, DBj which being divided by CA9 
gives DB. 

In the fame manner may be found the chord of 
an arch quadruple, quintuple, (extuplcj C^a 

P R o p» IV. 

The chord of an arch of 60 degrees r>* ,^ 
AB is equal to thcxadius CA. , ^'^\ '^' 

Demonfli 
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Prop. VII. , 

"Having found the right Jines of all the arches, 

you will have iheir tangent's, anJ their 

Fig. 13. fecanls. For example, you may have 

the tangent C£, if you know Che line 

DB, and the fine complement A B. 

Dtmonji. The triangles ABD, A C E^ are 
re^angled, qnd have the angle A common ; there- 
fore they are fimilar, and confequently the fine 
complement AB, will be to the right fine BD, as- , 
tiie radius AC to the tangent CE, (by 4. 6.) 

In the fame manner for the fe cants, the fine -« 
complement AB will be to the radius AC, as the ' 
radius AD to the fecant AE, {by 4. 6.) 

Note, 7tf the end thai the fraSiism negUHei In- 
the heginning, may ml caufe any great error 
in the pragrejiy it wilt be f roper to lake them 
intt the produce, fi as to be cenjiantly within 
the half unit, in the hwefl place. - 
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PART II. 



L O G'A R I T H M S, 

LOGARITHMS are a fet of artificial 
Numbers, by means of which the operations 
of JVIuIciplication, and diviiion^ are performed i)y 
Addition and Subtraction ; and the extradion of- 
the Root of any power by a fingle divifion of the 
Logarithm of the power by the index or expo- 
nent of fuch power ; thus dividing it by 2, the 
quotient is the Logarithm of the fquare root, and 
by 3, that of the cube root, ^r. 



DEFINITIONS. 

I. Arithmetical Progreffion, is a fucceffion of 
numbers equally exceeding each other, as Oi l, 2, 
3> 4» 5» ^^- or I, 3, 5, 7, 9, esftf. 

Q.i Geometrical progrefiion^ is a fucceflion -of 
numbers, of which the nrft is to the fecond, as the 
fecond to the third, and as the third to the fourth, 
f^c. as 1, 2, 4, 8, or i, 3, 9, 27. 

3. If exa£lly under the geometrical progreffion 
A, beginning with i, you place the arithmetical 
prDgreffioti S, beginning with O) the numbers of 

E2 • the 
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the arithmetical progreffion wHI be the logarithm* 
of the correfponding numbers in the geometricalj 
progreffion. For example, the third number of 
the arithmetical, will be the logarithm of the third 
number of the geometrical ; that is; the number C 
is the logarithm of the number D, fo is £ of F^ 
and G of H. 

DF H 

A TT I, 2, 4» 8, i6, 32, 64, 

B -r o, I, 2, 3, 4, 5, 6. 
C,E, G^ 

L E M M A I. 

In every geometrical progreffion A, the num- 
bers immediately following each other, have the 
fame common ratio betwten them ; but thofe 
which are feparated by the interpofition of one 
term or place, as B, C, have a ratio, double to the 
general one ; and thofe ^hich are feparated by the 
interpofition of two places, as B, D, have a triple 
ratio, iSfV. [hyLem, i, 6.) 

A TT I, 2, 4, 8, 16, 32, 
B, C,D. 

CO ROLL. III. 

From hence it follows, that if two numbers in a j 

J geometrical progreffion are at the fame diilance 
r6m each other, as two other numbers, they will. I 
have the fame ratio ; and if they iiave the fame ' 
ratio, they are at the fame diflance. 



Lemma 



i 



r 77 J 

Lemma IL 

In every geometrical prbgreffion A, whofe firft 
term is unity, if the number B be multiplied by 
the number C, the prodwfl (hall be a number in 
the fame progreffion, as far diftant from the num<- 
ber C5 as the number B is from unity, to wit, D. 

-A -ff I, 2, 4^ 8, 16, 32, 64> 128. 
B, C D. 

Demonft. If multiply ing B by C produces D, 
k muft be I : B : : C : D, therefore (by Lemma 
preceding) B wUl be as far diftant from unity> as 
X> from C. 

On the contrary, if D be divided bv B, the quo- 
tient will be C, as far diftant from D, as the divi- 
for B from unity ; becaufe in every divifion, the 
dividend it to the quotient9 as the tiivifor is to 
unity. 

Lemma III. 

In every arithmetical progreflion commencing 
with o» if the number marked C, be added to the 
number D, the fum will be £ ; the fame diftance 
' from Df as C from o, 

B-rO>i, 2, 3, 4, 5^ 6, 7. 
C, D, E. 

Dtmdnjl, -C will t>e more or lefs diftant from o, 
according as it contains more or lefs. times the com- 
mon diffiererice of the progreffion. In the fame 
manner £ will be more or lefs diftant from D, ac- 
cording as it contaiiTs more or lefs times the fame 
common difierence above D. But fmce £ is the 

£3 fum 
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* fum of C and D, it will contain the fame ntrmtn 
of times the common difference more than JD^ ^ 
C does more than o ; therefore E will always h 
as far diftant from D, as C from o. 

In the fame manner, it may be proved^ that ii 
©n the contrary, the number C be fubtraded; 
the number £, the remainder will be the numi 
D, as . far diftant from £, as C from o, fince -J 
contains as many times the common difFerenoc 
above D, as C does above c 

Pro p.. VIII. 

If in the arithmetical progreffion.B, anfwering 
the- geometrical progreffion A, the number C, tti« 
logarithm of the number D,be added to the num— 
"ber E, the logarithm of the number F ; the fujxi 
*G will be the logarithm of the number H, and the 
number H will be the produd of the numbcr'E^^ 
.inultiplied by the number'F, 

D F H 

A-ff I, 2, 4, 8, 1 6, 32,64. 
B-^ 0, I, 2, 3, 4, 5, 6. 

C EG 

■ '^Demmji. Since in the arithmetical progreffion, 
the number C immediately follows o, if to it be 
added the number E, the fum G muft immedi* 
ately follow the number E, (by Lem, 3.) fo in the 
geometrical progreflion, fince D immediately fol- 
lows I, if it be multiplied by F, the produft H 
(ball immediately follow F, (by hem. 2.) There- ^ 
fore fince E anfwers to F, fo ihall G to H, and 
will confequently be its logarithm. 

In, the fame manner it may be demenftrated, 
{that if.Cj the log. of D> is fubtra^ed from G> the 

log- 
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ig. of H, the remainder E, will be the log. of 
Irtie number F, and the number F, will be thcquo- 
tient of H, divided by D. 

COROLLARY. 

The JJfe, of Logarithm. 

I. If you are to find a fourth proportional io 
three numbers given A, B, C, having found in 
feme Table of logarithms, the logarithms of the 
g'wpn numbers, add the log. of B and C, and from 
their fum £, fubtradt the log. of the number A,, 
and the remainder D, Ihall be the log. of the fourth ' 
number required F. 

A 1097 3,0402066 

B 1078 3,0^26188 

C 96+ — ^ 2,9840770 

* _ _ 

E ■ 6,0166938 

A ■ 3,0402066 

D ■ 2,9764892 

F947T 
Demonfirat. To find a fourth proportional, the 
rule is, to multiply the fecond and third, and di- 
vide the product by the firft ; but in fubtradling 
the log. of the number A, from the fum of the 
logs, of the numbcrj^B and C, we find the log. of 
the produft of the numbers B and C, divided by the 
number A. j- therefore that log. muft be the loga- 
rithm anfwering tathe fourth proportional fought. 

2. To find the fquare root of any number, as 
9801,- having from any table found its logarithm, 

E 4 which 
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which ls3,99J2704,thehaIfthcfeof,v/2.i,995635!2, 
will be the log. of the root fought, to wit, 99. For 
adding the log. of 99 to itfelf, it gives the produdt 
of 99 multiplied into itfelf, that is its fquare. 

' In the fame manner taking the third part of the 
logarithm of any number, you have the log. of its 
cube root ; and taking the ^ you have the log. of 
its biquadrate root, &c. 

Prop. IX. 

^ 7}^e Conjiru^ion, of Logarithms . correfpondent to the 

natural Numbers'. , 

I. We begin with the geometrical progrei&on A, 
in which the terms incre^fe by the ratio of one to 
tei] : for the logarithms of which we fet down the 
arithmetical progreflion B, in which the terms ex- 
ceed each other by 1 00000b. The fequcl will 
make it clear why we begin in this manner. 
A B 

i,-^o,obooo6 A 1,0000000—0,000000 
10 — 1,000000 D 3,1622777 — <),sooooo 
100 — 2,000000 B 9,0000000 
1000 — 3,000000 * 

lOOOO — 4,000000 C 10,0000000 — 1,000000 

rooooo —5,000000 

2. We feek the logarithms of the numbers be- 
tween I and 10, beginning with finding the log. of 
9, thus : 

Add to each of the three numbers ^, 9, 10, fe- 
ven cyphers, to make the numbers A, B, C, which' 
have the fame ratio as i, 9, and 10, and confe^ 
quently muft have the fame logarithm; therefore 
multiplying the number A, by the number C, and 

extraia* 
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^ extrading the iquare root of the produA, will 
produce the number D, a mean proportional be- 
tween A and C, (by j6. 6.) and confequently to 
have its log. half the difference between the log* 
of the number A, and that of the number C, mud 
be taken, viz. 5000009 which being added to the 
]og. of the number A, will make o>500ooo, the 
log. of the number D. In the fame manlier may 
be found the logs, of all numbers, which will be 
mean proportionals between two others, of which 
the logs, are already known. 

Thus multiplying the number D by the number 
C, and extra£^ing the root of the produ£):, you 
will find the mean proportional between D and 
C, and its log. will be 0,750000. The fame worlc 
is continued in fearching the mean proportionals 
between two numbers iliil nearer to B, till at laft 
the number B becomes itfelf a mean proportional 
between two numbers whofe logarithms are known, 
and confequently its own logarithm will be known,, 
to wit, 0,954242, which will be aJfo the logarithm^ 
of the number 9^ 

3. In the fame manner we find the logarithm of 
7, and of 2. Then half the logarithm of 9, gives, 
the log. of its fquare root 3^ the double of the 
log. of 2». will give the log. of its fquare 4, fub- 
traftingthelog. of 2, from the log, of 10, gives 
the log. of 5, adding thelog. of 2, to the log. of 3,, 
you have the log. of 6^ and adding the log. of 2^, 
to that of 4, you will find the log. of 8« 

4. In the fame manner we find the logarithms^ 
aoi'weringto the numbers between 10 and 100,, 
by making ufe of the logs, of numbers already 
known^ to« difcover thofe of their pfodufis and' 

E .5^ root* ^ 
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roots ; and for the reft, we do as for the nunib^n 
9, 7, 'and 1. 

Noie J. The Tables of Logarithms are ufuaSjr 
carried on to loooo. 

2. When we feek mean proportionals^ we oftea 
meet with numbers which have no^xa£lroot, 
atid yet we negled the fractions ; fo that thoTe 
logarithms are not perfedly exa£t ; but when 
the root is extra^ed to many places, fuch re- 
mainders are very inconfiderable. To there can 
arife no fenfible error in their application. 

3. Thelop;arithms of all the numbers between i 
and 10, begin with o; of thofe between 10 and 
100, with 1 5 of thofe between 100 and lOOOi 
with 2, Csfr. Tiiis firft figure of a logarithm is 
ufually feparate^ from thofe following by a 
point annex^'d, and is call'd the index, orCha- ' 
raderiftic, becaufe it fliews how many places 
thecorrefponding number(when integral }con- 
fifts of, v^ich is always one more than the 
units in the Index. 

Ko'"e, Tbt logarithm ofafraSiion h the difference of the logariduia tf 
both terms ; therefore fubtraff the logarithm of the denminetor fhm 
the logarithm of the numerator y and tbt remainder is the legarirlim 
of the fraflion, and the number found in the Table corre^onding 
thereto, is the decimal fraSiion of the fame value as the vulgar frae^ 

• jtion ghven ; but the index of the logarithm of a froperfra3ioM is 
negative, and has ajhort lim^^^or minus fut over it, and tel&the 
place that the firj} Jignlficant figure of the numher is below the unit's 
place } fo that the index of a logarithm, whtther n^ative or affirw^* 
ative, is only to Jhtw the place the frji figmfUant of the number 
poffeffes from the unit's place, either below or above it, and is no part 
'fif tie logarithm to be fought for in the fables, where toe ufe onfy the 
fraffion, or part to the right hand of the point, which is eJwem 
affirmative, as Mr^ Gardiner in pdge i, of the Explication to bis 
fMes makes evidept. 

Pro?. 
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Prop. X. 

7S^ Con/lru^ion of Logarithms for the Sines. 

1. Xhefiae total has for Its log. loooboooo, or 
psrhaps loooooQOOOOO ; but in mod tables the lad 
three figures are negleded. 

2. The nataral fine of 89 degrees 59'. is found to 
be 9990999 • • . to find its log. we feck in the ordi« 
nary taoles the log. of 0999* which is 319999566, 
to which we add the fog. of 1 000000, which is 
6,0000000, and we have 999999566, the log, of 
9999000 . > . Then fubtrafting 9999000 . . • from 
the fine total looooooo ... the remainder will be 
found iooo...Inthe fame manner fubtraAing 
the log. 9^9999566fronithelog. 10,0000000, the 
remainder will be 434, by which we may obferve, 
that 1000 . . .the difference of the numbers, gives 
434 for the diiFerence of the logarithms. After- 
wards we feek the diiFerence between the given fine^ 
and the fine total ; which finding to be 1 ... we fay , 
if 1 000 . . .gives 434, then i ^. . will give ^l^ : : ; 
which being fubtra6led from the log. of the fine 
total, will give 99999999 .414 • • • ^^^ the log. of 
the given fine. - 

A 106C0600 0000000 
B 9999999 . 0000000 
C I 0000000 

D 9999999 ' \ 

£ '9999998 0000001 

F 9999998 

G 9999997 • 0000003 . 

H 9999997 

^ I 9999996 0000006 
3. In the fame manner may be found all the lo* 
garithms of the fines ; but to do it moreeaftly, we 
form a geometrical progreffion^ of which loOQOooo 

and 
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and 9999999 ^fc the two iirfl: terms ; after this 
manner we add feven cyphers to the fine totals to 
make the . number A, and the fame to the fine 
0999999, for the number B, the difference of 
thcle two numbers will be C,i, 0000c 00, or 
^^^.^^^^ of the number A ; then fubtrafting fe- 
ven cyphers from the number B, it gives the num- 
ber D, which will alfo be ^^^^^ of the dumber 
B ; confequently if you fubtradt it from the num- 
ber B, you will have the number E, which will 
have the fame ratio to the number B, as the num- 
ber B to the number A ; for as E will be ^|-»4|»4 
of the number B, fo B will be ^|^»:|9-g. of the 
number A. The fame muft be done for the num- 
ber G, I, fe^r. to 100 terms, affigning them loga- 
tithms, which fhall diminilh by the fame di&- 
rence, as is between the log. of the firft number, 
and the log. of the fecond, viz, -rSw, and you will 
find among thofe numbers, 15 fines, with their 
logarithms. 

Further, you muft raife by the fame way apro- 

ijreflion of 5© terms, of which the firft muft be the 
ihe total 10000000, and thefecond 9999900, the 
laft term of the foregoing progreffion, and you will 
find feveral other fines with their logarithms. 

Laftly, you muft make feveral other progref- 
fibns, having the fine total for their firft term, and 
•the laft term of the preceding progreffion for their 
fecond, of which the laft figures will be cyphers. 

N. B, You muft remember to end the progref- 
fions when their terms will not increafe 
enough to reach the fine which follows. By 
this means you may find the log. of moft of 
the fines. For the others, they^muft be found 
after the manner of that of 9999999- 

Peop* 
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••Prop. XL 

Tbe Conjiru^ion of the Logari^s of the Tangents^ 

and Secants, 

1. Having found the logarithms of all the fines, 
thofc of the tangents may be eafiljr difcovcred, 
fince the fine complement is to the right fine, as 
the fine total to the tangent, (by Trig. Prop, 7.) 
for if the log. of the fine tptal be added to the log, 
of the right fine, and from the fum the log. of the 
fine complement be fubtradcd, the remainder will 
te the Jog. of the tangent. 

2. For the Came reafon fas above) if from dou* 
We the log. of the fine total, the log. of tie fine 
complement be fubtrafted, there will remain the 
log. of the fecant* 

Note I. The log. of a fradlion is the difference be- 
tween the logarithms of the numerator and de- 
nominator. 

2. If in your operations you, meet with a log* not to 
be found in the tables, look out for one the near** 
eft you can find to it, without regarding the^in- 
dex, or charadleriftic ; then adding as many cy- 
phers to the number anfwering to it, as there ztt 
units in the index of the log. given, more than ia 
the index of that found, and you will have the 
number of the log. given to a finall fraction, which * 
may be alfo found by this analogy ; if the diffe- 
rence between the log. found>and that which fol- 
lows it inlhe tables gives i, the di&rence be- 
tween the log. given and that found (without re* 
gard to the index) fliall give the fradion, whicb^ 
as the log. given is greater or lefs than that found, 
muft b^ accordingly added,.or fub|tra£ted, without 
regarding the index, or charadleriftic ; The De-> 
inonftration of which is eaiy. 

PART 
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PART III. 



Plain Trigonometry: Or The 
Refolution of right^iin^d Triangles* 

SUPPOSITIONS. 

I, A LL triangles are refolved by the rule of 
XjL analogy, or proportion, in which three 
known numbers (except the three angles) are 
given 'y for multiplying the two laft, and dividing 
the produ£t by the nrft, the <}uottent ^vca the 
fourth proportional. 

2. We call the fine, tangent, or fecant of an 
angle, the fine, tangent, or fecant of the arch 
which meafurea that angle. 

3. In every. right-linM trian^e^ as ABC, the 

half of the fides are the fines of the 
Fig. I. angle to which they are oppofite: For 

having defcribed a circle thro* the three 
{>oints ABC, it will appear that the half of the 
iide BC) for example, is the fine of half the arch 
BC, (by Prop. 5. Trig^) which meafures the op- 
pofite angle A, (by 20. 3. Eucl.) 

COROL- 



i 



r 87 J 

€OROLLARr. 

From whence it follows, that in every triangTe, 
as ABC) the fine of the angle A is 
to its oppoiite fide BC, as the fine of Fig. 7^ 
any other angle, ^s B, to its oppofite 
fide A C- 

4. In every triangle, as ABC, refiangular at 
the point B, if one leg, as AB, be taken 

for the radius of a circle, or fine total. Fig. 2. 
the other leg BC, will .be the tangent 
of the angle A, and AC its fecant. 

5. To refolve a Triangle, fo much ought to be 
Icnown of the angles and fides, as may determine 
the triangle in fuch manner, that it cannot be 
changed, without changing one of the angles or 
one c^ the fides. 

Prop- XII. 

Tie Refolutiou ofreSiangled Triangln* 

I. In the triangle ABC, of which the angle 
B is right, if the line AC be known, 
and the acute angle C, then we may ^Fig. 3. 
fay, by Suppof. 3. 

Js the fine total, cr fine of the angle B : to the 
' line AC : ; the fine oftheangU C : to the line AB. 

You murf therefore multiply the line AC by 
the fine C, and divide the produft by the fine total, 
the quotient will be the line AB. 

Or by Logarithms. Add the log. of the Kne 
AC (o the log. of the fine C, and from the fum 

fubtraa 
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-fubtraS the log. of the fine total ; the remainder 
will be the log* of the lint'.AB. Seethe work 
both ways, making CiZ40^ 6' 26'. 

. Note, Sine C, 64422 I Log. Sine of C - - - 9.S090342 

Line AC — — 50 J Log. ot AC — .— 1.69S9700 

Sum . - • ... 11.5080041 
Log. of Sine total - . - " lo.ooooocp 



Produft - - 342 «. 100 
Sine total - - . 10 coo 



Quotient AB 32.2, |. Log. of 32.211 for AB - 1.50S004.1 

In the fame manner for the fide BC,"we fay^ 
by Suppoftt. 3. 

Sine total : AC : : fim A : BC 

2. In the reftangle triangle ABC,, of which. 

the angle B is right, and the angle C 
Fig. 4. known, with the fide BA oppofite to itf 
to find CA, we fay, by Sup, 3* 
Bine of the angle C : ftde AB : : Jine of the angle ' 
B : CA. 

And to find the fide BC, we fay. 
Sine CUiB : :fne complement C : BC. 

3. In the triangle ABC, of which the angle B 

is right,, and of which the fide CB, with 
jRr^. 5. the bafe AC, are known, to find the 
angle A, we fay. 
The bafe AC : fine of the ^ angle B : :/A, BC :. 
fine ofthe angle A. 

And to find the fide AB, we fay,* 
The fine total B : the bafe hCi : fine comply- 
went A i'fide AB-. 



^ ^ 
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-4. In the triangle ABC, of which the 
^' angle B is right, if the two fides are Fig, 6. . 
known $ the angle A may* be found by 
faying, by Supfwfit. 4. 

The fide AB : the fine total : : the fide BC : 
tangent of the angle A. 

Prop. XIII. 

T!l)e Refolutioh of oblique-angled Triangles. 

1. In the triangle ABC, if the fide 
AC be known, and the angle C and B, Fig, 7. 
the fide AB may be found, by faying,- 
by Suppof. 3. 

The fine of the angle B : ftde AC : : fine of the 
cngle C : fide AB. 

And becaufe the angle A, is the fupplement of 
the fum of the two others^ to find the fide BC» 
vre fay, 

Thefme of the angk B : fide AC : : fin$ of the 
mgUAifideCB. ^ ^ 

2. In the triangle ABC, if the fides AB, BC, 
be known, and the angle A, which is 
not between the known fides, the tri- Fig, 8. 
angle cannot be refolved, unlefs it be 
known whether the angle C be acute, or obtufe ; 
becaufe without altering the data, we may change 
the triangle ABC, into the triangle ABD ; but 
if it be known that the angle C is acute, or D ob* 
tufe, then may the triangle be refolved by Sup, 3. 
by faying. 

Side BC \ fine k\ : the fide BA : fan C, or D» 
And to find the fide CA, we fay, 
' Sine A : BC : : fme B : AC. 

3. In 
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3.. In the^foTcdes triangle ABC,- 4f theleg^are* 
^ known, and the ^ngle B between the^ 
Fig. g. equal legs, the two other angles which 
are equal to each other, may b€ alfo 
known, and the whole triangle refolved* 

4. But in the fcalenous triangle ABC, if the* 
legs BA, BC, are known, and the angle 
Fig. lO. B, we may know the ftim of the angles 
A and C \ and to iind the value of each, 
ufe the following analogyr 

iMJum of the legs AB, BC: their differ tme^w 
the tangent of half the fum of the angles A and 
C : to the tangent of an angle y which being added 
to thefaid half^ will give the greater angle. 
From the point B defcribe a circle, whofe radiua 
-let be the leiler legBC, which will cat the greater, 
leg in the.point D ; produce DBtilUt meets witb 
the circumference of the circle, at the point £; fe 
(hall A£ be. the. fum of the fides AB, BC, and 
DA their difference ; the angle . DC£ will b« 
right, as will alfo the angle C D F, if D F be 
drawn parallel to^CE. 

Demonfl. The angle B being common to the 
two triangles BDC, BAC, the Aim of the angles 
on the bafe DC, will be equal to the fum of the 
angles on the bafe AC ; and as the angles on the 
bafe .DC are equal, (by 5. i. Eucl.)c2Lch of them 
will be the half of the fum of the angles A and C ; 
From whence it may be concluded, i. That the 
line C£ nuift be the tangent of hfalf the fum of 
the angles A and C. 2. That the angle AQD 
(twice the difference of the angles at the bafe) of 
which DF will be the tangent, being added to the 
half of the fum of the angles Aand C,will'bb equal to 
Ihe angle C, and confequently, fincc (by 4* b,Euc.) 

AE 



[ 91 J 
AE is to DA, as CE to DF, it is certain, tha^ 
the fum of the fides BA, BC, is to their difFcrcnce, 
as the tangent of half the fum of the angles A and 
C, b to the tangent of an angle, which added to 
the faid half, will make the greater angle C. 

5. If all the fides of the triangle ABC are 
known ; from the grcateft angle B, let 
fall the perpendicular B D, upon the Fig. 11. 
'greateft fide AC, and it will form two 
redangle triangles, the angles whereof may be rc- 
/olved by the foregoing propofitbns ; but to find 
D the point where the perpendicular falleth in the 
line AC, we ufe the following analogy. 

The greateft fide AC : the fiim of the other two 
fides BA, BC : : the difference of the fides BA, BC, 
v/a. GA : AF, which fubtrafted from AC, the 
point D is in the middle of the remainder. 

It is eafy to fee how the figure is made. 
. Demonft. The line ABE is the firm of the 
fides AB, BC, and the re^angle EA6 is equal 
to the reaangle CAP, (by Cor. 16. 6. Eucl) 
therefore CA : the ftim of the' fides AB, BC : : 
AG: AF,(by i4.6.£«f/.; 

Remark. 

If in the figure ABCD, the angles BAC, 
BAD, BDA, BDC, be^known, which 
are fufficient to determine the other an- Fig. ia« 
gles, all the other angles may be known, 
without knowing the fide AB ; to which you 
may give what value you pleaie, without changing 
, the angles fought. Thus knowing any one ude, 
.the whole figuj% aiay be.refolved. 

PART 
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The JieJilutiono/SFHtLKi^Ais Triangles. 

L E,M M A I. 

IF a globe or fphere be cut by a ^lane 
paffing thro' its center A, the com- 
mon fecSlion will be a circle whofe ra* 
dius AB, will be the radius of the ^lobe^ and it» 
•circumference will encompab the lurface of tbo 
globe I fuch circle is caird a Gnat Circh^ 

. L H M M A IL 

If a fphere be cut by the plane EFGH» not 
paffing thro* the center A, , the common 
Fig. %. fe£tion will be a circle, the radii of 
which will be lefs than thofe of the 
fphere. Draw A B perpendicular to the planCt 
and BM, BN, BL, to the furface of the globe, 
and AM, AN, AL, and you will have three tri- 
angles equal in every refped, of which the fides 
BM, BN, BL, will be equal to one another, and 
lefs than AL, AM, AN^ radii of the fphere % 
fuch circle is call'd a Liffir Circle. 

DEFI- 
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DEFINITIONS. 

t. A fpherical angle is form'd by two 
arches of a great circle, as ABC. Fig. 3. 

2. A fpherical triangle is a part of 
the furface of a fphere, bounded with v, fig, j, 
three arches of great circles, as ABC* 

3: The pole of a circle is a point on the furface 
of a fphere, equidiftant from every part 
of the circumferencfc of the faid circle. Fig, 4. 
Thus the points A and B are ^he poles 
«f the circles CD and EF. 

SUPPOSITIONS. 

u All fpherical triangles are fuppofed to be 
made upon the furface of a fphere, of which the 
radius contains loooo • • • equal parts. 

2. If in a fphere two great circles ABC, ADC, 
-cut each other in the points A, C, their 

common feftion will pafs thro' the cen- Fig. 5. 
ter of the fphere, which is common to 
both, and will confequently be the diameter of 
both, and will divide both equally. 

3. The line AB, which joins the two poles of 
the circle^ CD, is the diameter of the 

fphere. For imagining a great circle Fig. 6, 
to pafs thro' the points A and ^, which 
will cut the circle CID in the points C, D, the 
arches, AC, and AD, BC, and BD, will be 
equal ', fmce therefore the v^hole arch ACB, will 

be 
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be equal to the whole arch ADB, the line AB ' 
will be the diameter of the great circle CBDA, 
and confequenttly of the fphere. 

Ndte^ If CID is a great circle, CB and CA 
will be quadrants ; as will all other arches of 
agreat circle drawn thro' the poles A,B, upon 
the circle CID. 

4^ Every fpherical angle, as ABC, is meafured 
by the arch AC of a circle, of which B 
Fig. 7. is the pole. This definition fupppfes, 
that the arches of all circles whofe pole- 
is B, will be fimilar to the arch AC, if they are 
between the arches BA, BC. From whence it 
follows, that the angles diametrically oppofite B, D 
are equal, being meafured by the fame arch AC ; 
fince by the foregoing Suppofition, the point J) 
will be alfo the pole of the arch AC. 

^. The arch BC falling upon the arch AE, 
makes two angles ACB, ECB, equal 
Fig. 7. to two right, lince they are meafured 
by the femicircle ABE, (by Sup. 2.) 
In the fame manner the oppofite angles BCE, 
ACD, will be equal,' being each the fupplement 
of the angle ACB. 

6. If the circle ABC, pafles thro' the pole A, 
of the circle BED, they will cut each 
Fig. 8. other at right angles. For defcribing a 
great circle, of which let B be the pole, 
it will pafs ,thro' the points A, C ; fo that BA, 
BC, will be quadrants of a circle, (by Sup. 3.) 
but A£ will alfo be a quadrant as well as EC. 

There- 
2 
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T'hcrcTorc the angles ABE, CBE, wilfte mca- 
fured by quadrants. 

7. If the circle BAD, makes right 
angles with the circle BED, they wili Fi^. 8. 

aifo pafs thro' each other's pole. 

- •w- 

8. If the point B, be not the pole of the circle 
£>F£, but fomj? other point, as A, the 

arch BAE will be greater than any Ptg,(j. 
other arch, as BF. 

Draw BC right upon the plane DEF, and it 
will fall upon D£, (by 38. 11.) at the point C, 
which will not be the center of the circle DFE ; 
otherwife the lines BD» BE, would be equal. 
Draw h¥, CF. 

Demonft. The line CE paffing thro* the cen- 
ter of the circle, will be greater than CF, (by 7.3,) 
Then. in the redanglcd triangles ECB, FCB, 
which have the fide CB common, the fide C£ 
being «gceaier than the fide CF^ the bafe BE will 
be greater than the bafe BF ; and becaufe archet 
increafe with their chords, till they become a fe • 
micircle, the arch BAE will be greater than BF. 

9. The figure remaining as before, the arch 

BD will be lefs than any other, as BF, and BF 

will be greater than any other which can be made 

between D and F, and lefs than any other be- 

. tween F and E. 

1 10. In every fpherical triangle, ABC, p. . 
[ each fide, as AB, is lefs than a fcmicirclc. '^* 
For .their arches AB, AC, being prolonged till 

they 



they meet in. the point D, the arch AD can only 
be a femicircle, (by Sup, 2.) 

11. In every fpherical triangle, as ABC, twd 

fides AB, AC together are greater than 
Fig. II- the third BC, From the point B, with 

the diftance BA, defcribe the circle 
DAF, and compleat the circle BCGF. 

Demonft, Since the point fi is one pole of the 
circle ADEF, the point C, which is difbnt 
irom it lefs than the fpace of a femicircle, (hy the , 
preceding) cahnot be its other pole, (by Sup\ 3.) 
but fome bther point, as G, if BG is a femicircle ; 
then the arch C A is greater than CD, (by Sir^.g.) 
But BA and BD are equal, (by Def. 3,) therefore 
CA, and B A, are greater than CB. 

12. The fum of the fides of a fpherical triangle 

ABC, are lefs than two femicircles. 
Fig. 12. For continuing AC, AB, till they meet 

in the point D ; their arches A C D, 
ABD, are only equal to two femicircles : but CD, 
BD, are greater than CB, (by the preceding) ; 
therefore AC, AB, CB, are together lefs than two 
femicircles. 

13. If the fpherical triangle ABC, has two legs 

B A, BC, equal to the two legs of ano* 
Fig* 13, thcr fpherical triangle EF, FG refpec- 

tively ; and if the angle B, be equal to 
the angle F \ the two triangles are equal in every 
refpeft, 

• 'Demonft. Let one triangle be laid on the other, 
then AB will cover FE, and BC will cover FG : 
therefore the bale AC will cover the bafe EG $ 
otherwife they would cut each other in the points 

2 
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l£, Gy and each bare would be a femicircle, (by 
Sap. 2.) which cannot be {hy Sup, lo.) 

T4. It IS demonfirable alfo in fpherical trian- 
gles, as in reAilinear, that if the legs 
AB, AC, are equal to the I^s £0, Fig. 14* 
DF; the angle included will be greater,. 
or lefs, in the one triangle than in the other, ac« 
cording as their bafts are greater or le/s. In the 
fame manner it is demonftrable, that ifofceles tri- 
angles have equal angles on their bafes and that 
thofe which have equal angles on their bafes, are 
ifofceles triangles. 

15. If in the triangle ABC, the 

angle A is greater than the angle C ; JFtg. I5» 
the fide CB will be greater than the 
fideAB. 

Demmft. Make the angle DAC, eqiial to the 

! angle DCA, and and the arch AD will be equal to 

the arch DC, (by the preceding) but DB, DA, 

are greater than AB, (fiy Sup. 13.) therefore im^ 

DC^ will be greater than AB. 

16. In the tr ingle AB C,' whofe.angle A is 
rljriit, the angles C and B have the fame 
a^Aion as the fides bppofite to them ; Fig. i6. 
that is to fay, they are right, acute, or 
obtafe, according as the oppofite arches are equal 
to, or lefs, or greater than a quadrant. 

Demonft. Since the arch AB is perpendicular 
upon the arch AC, it will pafs thro' its pole, (by 
Sup. 7.) therefore if the arch AB is a quadrant, 
^e point 3 will be the pole of the arch AC (by 
Sup.^.) and confequently the angle C will be light 
(by Supn 6*) but the arch AB cannot be aug« 

F - Oi^ted 
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(inented, or dimintibed, without augmenting or 4 

<mini(hing the angle ACB : Therefore thean^ 

C will be right, or greater, or lefs than arigh 

according as the arc|i Ai3 is a quadrant, or greatcl 

40r lefs than a quadrant. 1 

17. If the two femicircles ABC, ADC, d 

each other at right angles ; the point! 

Ftg. 1 7» the pole of the femicircle ADC, wj 

.divide ABC into two quadrants, (ti{ 

Def. 2.) In the fame manner the point D, thj 

pole of the femicircle ABC, will divide k\ ' 

into two quadrants. Farther^ the artb DE 

be a quadrant, (by Sup, 3^) and iince £ is not tl 

pole of the arch ADC, the arch £D willbj 

f eater than the arch £F, and lefs tbao the arc| 
G, (by Sup. 9.) . j 

COROLLJRISJS. 

1, In eyery reSangled fpheric^l triangle ADE 

the bafe D£ will be a quadrant, ifaj 
Fig. 17. leaft the leg AD is the fourth part of i 

circle : But if the two kgs are greate 
than a quadrant, as in the triangle C£F, or if thei 
are both lefs than a quadrant, as in the trianglj 

, A^^^) (he b^^e £^ ^^1' ^ ^^^ ^^^ ^ quadran^ 
Laftly, if one.jof the legs is lefs than a quadrant 
and the other greater, as in the triangle CEG, thJ 
bafe £G will he greater than a quadrant* 

2, The three fides of a re£tangled triangle cani 
not each of them be greater than a quadfaht ; noi 
can one fide be greater than a quadrant, and th 

i^iher two lefs. 

• a. TM 
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3. The hypothenufe of a rectangle triangle^ or 
the arch oppofite €0 the right angle^ cannot be lefs 
than a quadrant^ withoat affe^Ung the legs, and 
coafequently the angtes. 

P R o ^ I. 

If the ipherical triangle A B C, having every 
one of Its fides lefs than a quadrant, has 
the angle B right ; the fine of the angle Fi^. i8. 
B9 will be to the line of the opponte 
arch Ac, as the fine of inother angle A, to the 
fine of the oppofite arch BC. 

Continue BC, till BF becomes a quadrant, fo 
fhall the point F be the pole of the arch AB, 
which muft alfo be continued till A£ becomes a 
quadrant : then defcribing the arch F£, of which 
the pole muft be*A^ and confequently the arch 
ACL will be a quadrant, and L£ the meafure 
of the angfe A. If you draw LH right upon the 
circle ABE, it will fall perpendicularly upon the 
common fedion GE, and will be the fine of the 
arch LE, or of the angle A : LG will be the fine 
total, or fine of the angle B.- 

Farther, draw thro' the point C, a plane paral- 
lel to the circle ELF, and like it perpendicular 
upon the plane ABE. This plane will cut the 
plane, BCF, perpendicular upon ABE, and their 
common fe£iion CD will be right upon the fame 
plane, and confequently parallel to the line HL» 
and the fine of the arch BC. In the fame manner 
^ ID, and (3H, CI, and CL, are parallel, (by 16.. 
riO being the common feAions of the two pa- 
rallel planes with a third ^ and as LG is found 
perpendicular upon GA, IC will be alfo per* 
' ^ Fa .pendicular 
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pendicular upon G A^ and the fine of the arch 
CA. 

DemonJlraU^ The three fides of the triangle 
LHQ, being parallel to the three fides of the tri- 
angle CID, the two. triangles are equiangular, 
(by 10. II.) therefore (by 4. 6.) LG, the fine of 
the angle B, will be to .CI, the fine of the oppo- 
fite arch AC, as LH, the fine of the angle A, to 
CD) the fine of the oppofite arch BC 

Lemma. 

If the plane A, is perpendicular to the plane S, 

and CD perpendicular to the comaioa 

fig.iq. k&\on EH, it will be right upon the 

plane $ fince every line in the plane A 

^wn parallel to DC is perpendicular to £H. 

P n o P. II. 

In the (pherical triangle ABC, the tangent of the 

angle A, will be to the tangent of the 

iFig. i9« oppofite leg CB, as the fine total to 

the fine of the other leg AB. 
' Continue the arches AB, AC, BC, as above ; 
then draw EI^ the tangent of the arch D£, or of 
the angle A ^ and BD, the tangent of the arch 
BC ; and by the foregoing Lemma they (hall be 
right upon the plane ABE. 

Farther, thro' the line BD, draw a plane paral- 
lel to the plane ELF, and like it perpendicular 
upon the plane ABE; the common fe£tions 
DM, BM, will be parallel to the common fedi- 
ons IG, EG ; and as EG is perpendicular upon 
FG, BM will be alfo perpendicular upon FG $ 
and will confequently be the fine of the arch BA. 

Dmonjf^ 



. 



Diemnji* Since all the fides of the triangle 
BDM, are parallel to the fides of the triangle 
I£G ; the two triangles are equiangular, (bv 
lo. II.) therefore £1, tangent of the angle A, will 
be to BD, tangent of the arch BC, as £G, the 
fine total to BM> the fine of the leg BA. 

COROLL.L 

By thefe two Propofitions, are all Cafes of right- 
angled triangles refolve'd, in the manner follow- 
ing ; provided all their arches are lefs than qua- 
drants . 

Let ABC be a triangle, whofe angle C is right ; 
continue CA to G, fo that GC may 
be a quadrant, and G the pole of the Fig. 20. 
arch BC, (by Sup* 3.) continue alfo 
BC, fo th^t BI may be a quadrant, which will 
lilcewife make the arch GI a quadrant, (by Sup. 3.) 
and its pole B, and confequently BA being conti- 
nued to the point H, will alfb be a quadrant. In 
the fame manner continue CB, fo that CD may 
be a quadrant, and AC, till AF hecomes a qua- 
drant; for thicn DF atid A£ will be alfo qua** 

drants* 

f. ' 

CASE I. 

If the angle A, and the oppofite leg BC, be 
known; the bafe AB may be found, by faying* 
by the firft Propofition, 

Sine of the angle A : fine of the leg BC : : fim 
total: ftne of the bafe AB. 
^ Or the leg AC may be found, by faying, by the 
fecond, 

F 3 Tangent 



Yangenr (f^the angle A : tangent ef tie arci 

BC : I fme total : /me. of the leg AC. 
Sine total: tangent of EC: : Co-tangent efA : 

fme of AC. 
The angle B may be alfo found, becaufe the tri- 
angle BED will have its bafe ^D, the complex 
ment a{ BC, which is known ; atid its leg'DE, 
, the complement of EF, which may be known, 
becaufe it is the meafureof the known angle A. 
We (ay therefore, by the firft, 

Sine complement of BC : fine total : : fine eompU^ 
ment of the angle A : fine of the angle B, 

CASE II. 

If the angle A be known, and the adjacent leg 
AC, the ofhcr leg BC may be known, by the 
fecond propofition, thus : 

^ Sine total : fme of the leg AC : : tangent oftbt 
angle A : tangent of the. arch £C« 

Alfo the bafe AB may be found, by the fecond, 
ihus : 

Sim total : fine ED, eomplement of the angU 
A : : tangent of the angle D, complement of 
the arch AC : tangent of the arch EB', eom» 
plement of the bafe AB. 

Or the angle B itay be found, by the Hrft, thus : 

Sine total H : fine of the bafe AG, complement 
of AC : : fine of the angle A : fine of the 
arch GH) complement of the angle B, 

CASE III. 

If the angle A,, and the bafe AB be known, thp- 
leg BC may be found, by the firft, thus : 

Sine total : fine of tbi bafe AB : ifme of A : fins 
rf the Ug^C. Or 



Or the other leg AC may be found, by the fr- 

►iid,thus: ^ ' 

^i/ie DE, complement of the an^le A : fine to-' 
tal : : tangent BE» complement of AB : tan- 
gent of angle X^^ complement of KC* 

Of thus : 

^ine total : fine DE^ complement of the angle A : : 
tangent AB, complement of BE : tangent AC, 
complement of the angle Di 

And the angle B may be known by rhe fecond, 
t:fius : 

Sine total \ fine A^H, complement c^ AB:-: tan- 
gent of the angle A : tangent HG, complement 
of the angle's^. 

CASE IV. 

IF the legs AC and BC are known, the bafe 
AB may be found, by the Hrft, thus : 

Sine total H : fine GA, complement of AC : : 
fine G, complement of BC \ fine IlA, com^ 
plement of AB» 
The angle A may alfo be found by the fecond, 
thus : 

Sine of the arch A C : fine total : : tangent of the 

arch BC : tangent of the angh A. 
In the fame manner may be found the angle B« 
Sine of the arch BC : fine total : : tangent of 
AC : tangent of the angle B. 

C A S E V. 

If the leg AC, and the bafe AB, are known, 

the other leg BC, may be found by the firft, thus : 

Sine of the arch GA, complement of AC : fine 

total H : \fine AH, complement ofAB \fine G, 

compUtnentofBC. 

F4 The 
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The angle A may alfo be found by the (econd, 
thus: 

Tangent of the angle D, complement of AC : 

tangent ^ B E, complement of AB : : fin$ 

total : fine DE, complement of angle A, 

And the angle B may be found by the firft, thue^ 

Sine of the arch AB : fine total C : : fine AC : 

fine angle B. 

C A S E VI. 

If all the angles are known, thebafeABmay 
be found by the fecond, thus : 

Tangent of the angle A : tangent of the arch 

HG,' cqmpUmont of the angle B : : fine total : 

fineTiA^ complement of the bafe AB. 
( Or the leg AC may be found by the firft, thus. 
Sine of the angle A : fine of the arch HG, comp* 

angle B : : fine total : fine A G, complement 

of AC. 
In the fame manner may be found the leg BC« 

CO ROLL. IL 

Such right-angled fpherical triangles as havetvtro 
fides greater than quadrants, are re- 
F!g* 21. folv'd as follows. Let the triangle ABC 
beprppofed, whofe two fides AB, BC, 
are greater than quadrants ; produce the faid two 
fides till they meet at the point D, which will give 
another triangle C AD,whofe angle D will be equal 
to: the angle fi, and the iide AC common to both ; 
the other angles, and the other fides, will be the 
fupplements to the other angles and fides of the 
triangle ABC 5 fo that it will be eafy to refolve 

the 
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the triangle A B C by the triangle A C D. 
If the rcflangled triangle £FG, has the fides 
£F, £G, quadrants,, the angles G and 
F will be right ; and the arch FG the Fig* 22« 
meafure of the angle £, (by Sup. 17.) 

Natty Some relblutions will be equivocal, be* 
caufe the fine of an arch, and its fupple- 
mcnt are the fame 5 in foch cafes, the tri- Fig^ 23. 
angle cannot be truly refolved, unlefs 
we know the afl:e&ion of th« angle, or of the arch 
found, by means of the fine. Thus the triangle 
ABC cannot be/efolved, tho' the angle A, and the 
arches AC and BC are known, unlets we alfo^ 
know the afiedion of the arch AB, all the reft 
agreeing as well with the triangle DCA., 

Prop. III. 

In every oblique-angled triangle, as ABC, the 
fine of the angle A, is to the fine of the 
oppofite arch BC, as the fine, of the Fig^ 24. 
angle B, to the fine of the oppofite arch 
AC ; Draw the perpendicular arch CD, which 
may fall either within, or without the triangle. 

Demortft. Since the triangle ADC is re£lan« 
gled (by Prop, i.) the fine total D :.to the fine 
of AC : : fine A : fine of CD, and confequently, 
the redlangle under the fine total, and the fine 
CD, is equal to the re£langte under the fine A, 
and the fine of A C, (by 15. 6.) in the fame 
manner, the triangle DBC, being re6tangled, the 
fine total D : fine CB : : fine B ; fine CD, from 

F 5 whence 






L. 



C ^o6 1 ' 

whence it will again follow, Xh'at the reftangle 
ur]der the fine total, and the fine CD, wiH be 
equal to the redtangle under the fine CB, and the 
due B, as it was equal to the' rectangle underthe 
fine AC, and the fine A ; fince then the re<^angte 
under .the fine AC, and the.fin^ A, i$ equal to 
the reftangle underthe fine CB, and theline fi ; 
therefore (by 15. 6.) the fine A : fine CB : : fin^ 
B: fine AC. 

Lemma* 

If in the fpherical triangle ABC, the arch whicli *. 
falls from th angle A, perpendicularly 
Fig. 2$. upon the bafc BC, be found within the 
triangle, as AD ,' then the jingles B and 
C will have the fame afFedlion as the arch AD, (by 
Sup. i6.) But iftheperpenHicular arch falls with- 
out the triangle, as A£, then the angle B, and 
the fupplement of the angle C, viz. ACE, will 
liave the fame affection as thefaid arch A£, and 
£> the angles B and C prove diverfly aSsAed, 

COROLLJRT. ' 

^y this propofition therefore oblique-angled 
triangles may be refolved, by thus letting fall 
perpendiculars, and thereby rendering them rc3- 
angled triangles. But their refolution wifi be reil- . 
dered more eafy fay the propofition following. 

Prop. IV. 

Let the oblique-angled triangle ABC be pro- 
pofed, of which the legs AB, AC are 
Fig, 26. lefs than quadrants : draw the perpen- 
dicular arch AD, which will fall either 
within^ or without the triangle, and produce it 
2 tiU 



[ ^07 3 

till AG becomes a quadrant ; then, from the 
point A, as a pi>le, defcribe the quadrant. QH, 
fo that H may be the pole of the arch AG ; the 
arches DB, DC, being prolonged, will pals thro' 
the point H, (by Sup. 6.) fo that DBH, DCI-f, 
will be quadrants, as will alfo A£, andAF^ and 
confequently CE, BF, will be complements of the 
arches AC, AB, as BH, CH, will be comple- 
ments of the arches DB, and pC ; and the arches 
FH, EH, will be complements of the arches GF 
©r G E, or of the angles GAF, G AE. From 
the figure thus preparea, may be drawn the fol- 
lowing concluftons ; but obferve, that the fame 
figure muft be made for the triangle filC, of 
which the legs IB and IC are greater thanqua* 

drants. 

« 

C 0,N C L U S I O N S. 

I. The tangents complements of the legs^ and 
the fines complements of the angles^ which the 
perpendicular arch makes within the legs, are pro." 
partionaL 

In the redangle triangle BFH, the tangent of 
the angle H, is to the fine total, as the tangent of 
ibe arch BF, to the fme of the arch FH, (by 
Prop. 2.) In the fame manner in the triangle 
C£H, as the tangent of the angle H, is to the 
fine total ; fo the tangent of the arch CE, is to 
the fine of the arch EH. Therefore, as the tan- 
gent of the arch CE, the complement of AC, is 
to the fifie of the arch EH, the coipplement of 
the angle EAG ; fo the tangent of the arch BF, 
the complement of AB, will be to the fine of the 
arcbFH^ the complement of the. angle FAG. 

2. The 
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a. Tbo fines complements ef the legs^ and the 
fines complements of the arches between the legs, 
a^d the perpendicular archy are proportional. 

In the triangle HBF, (by Prop, i.) as the fine 
of the angle H, is to d^e line total ; fo the fine of 
the arch BF, is to the fine of the arch BH« In 
the fame manner, in the triangle C£H, as the 
fine of the angle H, is to the fine total ; fo the 
fine of the arch CE, is to the fine of t]ie arch 
CH, Therefore, as the fine of the arch BF, the 
complement of the leg AB, is to the fine of the 
arch BH, the complement of BD ; fo the fine of 
the arch CE, the complement of the leg AC, will 
be to the fine of the arch CH, the complement 
of CD. 

* ^* The tangents of the angles of the baftj are 
reciprocally proportional to the fines of the arches ^ 
between the perpendicular arch ^ and the legs. 

In the triangle BAD, (by Prob. 2.) the fine 
total : fine BD : : tangent B : tangent AD. 
Therefore the re&angle under the fine total, and 
the tangent AD, is equal to the re£langle under 
the fine BD, and the tangent B, (by 15.6.) In 
the fame manner, in the triangle ADC, the tan- 
gent AD : the tangent C : : fine DE : fine total, 
and confequently, the redangle under the fine to<> 
tal, and the tangent AD, will be alfo equal to 
tKe re£langlc under the fine DC, and the tangent 
C, Therefore the redangle under the fine DC, 
and the tangent C, is; equal to the reflangle under 
the fine BD, and the tangent B 5 and therefore 
(by 14. 6.) the tangent of the angle C : to the tan- 
gent of the angle B : : the fine of the arch BD: 
the fine of the arch DC. 

I 4- 7bt 
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4. ne fines tf tbt angles made by the perpend 
dicular archy are pr9portUnal t^ the fines complement 
of the angles of the bafe. 

In the triangle BAD, (Cafe i Cor. i. of Prop. 
I. &f 2.) the fine of the angle BAD, 19 to the 
fine complement of the angle B, as the fine total 
is to the fine complement of the arch AD« In 
the fame manner, in the triangle CAD, the fine 
of the angle CAB, is to the fine complement of 
the angle C, as the fine total to the fine of. the 
arch AD ; therefore the fine complement of the 
angle B, is to the fine of the angle BAD, as the 
fine complement of the angle C, to the fine of 
the angle DAG. 

COROLLARIES. 

1. If in the triangle ABC, the angles A and B, 
with the fide AB, be known, the tri- 
angle may be refolved, bccaufe the Fig. 27. 
Data are fufixcient to determrne xU 

Imagine the arch AD, to iall perpendicularly 
from the angle upon the oppofite fide BC, in 
fuch manner, that the angle B, which is oppofite 
to the arch AD, noay be acute ; this will produce 
three different cafes, as they are expreis'id in the 
figure and which all have the fame folution. 

To find the angle C, look in the redlangled 
triangle A B D, wherein you know the acuse 
angle B, and the hypothenufe A B ; look, I fay 
for the angle BAD, (by Ccfe 3. of Cor. i. Prop^ 
!• bf 2,) afterwards, fay (by Conclufton 4,) 

72>^ fine of the angle BAD ; fine complement of 
the apgle B : : the fine of the angle DAC : to the 
fine of the angle C. 

To 
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To find the fide AC, fay (by Conclufion i.) 
Sim complement of the angle B AD : Jine complement 
efthe angle DAC : ; tangent complement of the arch 
AB : tangent complement of the arch AC. 

Iif the lame manner we may know BC, by let<^ 
ting the perpendicular arch fall on AC. 

CO ROL L. 11. 

If in the triangle ABC, the Angles A and B 
are known, with the fide CB, let fall 
l^g> 28. the perpendicular arch CD, as above^ 
which will give you the re£langle tri- 
angle BCD, of which you know the angle B^ 
and the bafe BC ; therefore you will have the 
angle BCD, (by Cafe 3. of Cor. i. Prop. i. ^ 2.) 
Afterwards, to find tb^ angle B C A, fay (by 
Conclufion 4.) 

The fine camp, ofihe angle B : fine comp. of the 
emgle A : -.fine of the angle BCD '.fim of the angle 
DCA } then thefum or difference of the two angles 
will be the angle BC A. 

To find the fide CA, fay (by Prop. 3.) 

Tlje fine of the angle h : fine ofihe archBC : : 
fine of the angle B : fine of the arch AC. 

To find the arch B A, feek in the triangle 
BCD, (by Cafi ^. oiCof.i. Prop., i. W 2.) the 
leg BD ; 'then (by Conclufion 3.) fay, 

The tangent of the angle A : tangent of the angle 
B : : fme of the arch BD ifine of the arch AD. 

Obferve^ 

I. If the arch CD be the fupplement of the 

arch CA, and if DC, DB, be conti- 

Fig^ 29. . nucd till they meet in the point E, the 

arch CD will be aHb the fuppfemenx 

of 
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of the arch CE ; and confequeiitly the triangle - 
ACE wiU be' iibfceles, and the angles A and 
£ equal > as will alfo A, D ; therefore the diffe- 
rent triangles BCA, BCD, will have the arch 
CB conimon, and two angles equal ; (o that to 
refolve the triangle ABC^ it is not fufficient to 
know the angles A, B, with the Ane CBs hut th^ 
aiFedlions of the angles^ and of the unknown fides^ . 
muft be alfo known. 

2. If in the reSangled triangle ACD, the bafe 
AC is greater than a quadrant, the angles ACD, 
CAD, will be diveifny affeaed, (by Sup. 17.) 
and on the contrary ; from thence it to]lo>y$, that 
to determine the affe£lion of the arch AC, and of 
the angle CAD, it is neceflary to know the 
affedion either of the one^ or the other. The 
lame may be faid of the arch BA; for if in the 
rectangle triangle BCA, the bafe CA is greater 
than a quadrant, the legs BA, BC, will be of 
•different affections, and the contrary. 

CORO LL.llI. 

If the two fides AB, AC9 and angle A of the tri- 
angle ABC are known, draw the per- 
pendicular C P from one of the un- Ftg. 36, 
known angles, upon one of the known 
fides ; then to know the angle B,. you muft find 
the arch AC, (""y Ca/e 3.) and ^by Condufton 3 ) 
fay. 

Sine BD : fine AD : : tangent A ; tangent B. 

The fame muft be done for the angle C ; th^' 
to have the arch CB, you fay (by Condufion 2.) 

Sine comp, AD :fine comp. DB : \fine comp. AC : 

fine comp. CB* 

COROLL. 
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COROLL.lv. 

If in the triangle ABC, the fides AB, AC^ 
and the angle B, are known, the tri* 
Fig*^!* angle cannot yet be refolved, without 
knowing the afFe£lion of the angle C ; 
for fuppofing the arches AC, AD, are equal , and^ 
that the arch DC be prolonged till it meets with 
the arch BA in the point B ; then the difFerent 
triangles ABD, ABC, ^ill have two fides equal 
and one angle equal ; but then, the angle ACB 
will be the fuppleoient of the angle ADB ; fo 
that inr knowing the affeflion of the 
Fig. 32. angle C, the triangle may be deter- 
mined. To know then the angle C> 
fay (by Prop. 2*) 

Sine AC : Jine of the angle B : : Jine of the arch 
AB : fine of the angle C. 

Farther, to find the angle A, let fall the per- 
pendicular arch AD, as m the firft cafe, and 
look in the reAangled triangle ADB, the angle 
BAD : (by Cafe 3. of Cor. i. Prop. i. &? 2 ) then 
fay (by Conclufion i.) 

Tangent complement of the arch BA : tangent 
comp* of the arch AC : : Jine comp. of the angle 
BAD : fine comp. of the angle DAC. 

Laftly, to know the fide BC, you muft feek 
in the reflangle triangle ADB, the leg BD, (by 
Cafe 3. of Car. i. Prop. i. i^ 2.) then fay (by 
Concluj^on 2.) 

The fine comp. of the leg AB : fine comp, of the 
kg AC : : fine comp^ of tbt arch fiD : fine comp.. 
ef the arch DQ. 

Pr o r. 
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P n o p. V. 

In any fphcrical triangle ZP©, the re<9anglc 
contained under the fiqies of the legs ZP,Zo , is to 
the fquare of the radius, as the difference between 
the veried fine of the bafe or third fide 
Z©, and theverfed fine of the difference Fig. 33* 
of the legs to the verfed fine of the angle 
contained by thofe legs. 

For let HZON be a projcftion of the fphcre 
on the plane of a great circle, whereof ZPis a 
part, and let PAS and EAQ^be two diameters, 
the former paifing thro' the angular point P, and 
the other perpendicular thereto ; alfo let ZAN 
and HAO be two diameters whereof the former 
pailes through the angular point Z and is per- 
pendicular to the latter. Let DF be drawn 
through the other angular point O parallel toEQ^ 
and let the perpendiculars PG, PS, DB, DT, 
V©M, IL, and qK be drawn; then AG (PS) 
will be the fine and PG the co-fine of ZP, DI 
the fine and AI the co-fine of P0 or PDAB 
(pT) the fine and DB (AT) the co-fine of DZ, 
E W the verfed fine * and A VV the co-fine of the 
angle P, VR the fine and AR the co-fine of Z0, 
and ZT theverfed fine of DZ. Then by fimilar 
triangles AE ( AR) ^ AG : : Dp : DM 3 and by 
the property of the ellipfis. AE 1 DI : : EVV : 
Do 3 whence by compounding the two propor- 
tions AE » : AGxDI : : EW : DM ; and confe- 
quently AGxDI : AE » : : DM : EW. 
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CO'RO'LLARr. 

As AG the fine of one leg : AE the radius r r 
EW the difference between the verfed fine of the 
bafe Dg and the verfed fine of the difference of 
the kgs : to a fourth fine. Then DI the fine of 
the other kg : AE the fine tothl : : the fourth fine 
found ; EW the verfed fine of the angle DPO. 

Lemma I. 

If AB is the radiu« of a circle, ^and BE the 
fine of half the arches BD, DC ; if,' 
Fig^ 3+- farther, we take CM/ the difference of 
the arches BD, DC \ I fay, that the 
fine total (hall be to BE, the fiue of half the arches^ 
BD, DC, asCH, the fine ofhalf their difference,' 
to CI, the half of CL, or GN, which is the dif- 
ference between the verfed fine of the great arch« 
BD, and the verfed fine of the leffer one DC. 

Demonftrat.. Since the angle £AB, which it^ 
meafured by half the arch BC, is equal (by jto. 3.)^ 
to the angle CMB or IHC, for CI being the 
lialf of CL, and CH the half of CM, lEi will' 
be parallel to ML, (by 2. 6.) the two reftangles 
ABE, IHC,. will be fimilarj and confequently 
(^by 4. 6.) AB : BE :.: CH ::CI- From whence 
ve conclude, that the ref^nde contained under' 
the fine of the half of two arches^ .and the fine of 
balf their difference, will be always equal to the 
Fe<£laiigle contained under the fine total, and half' 
^ diSsreace^of the verfed fkies of the faoie arches, . 
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The fijuarc of AC, which is the fine 6f ball 
the arch AB, is equai to the refiangle 
under half the radius, and under the Fig. 35^ 
veried fine DB. Draw the pefpendi- - 
cular^ AD, EC. 

Demcnjirat. The re;6langled triangles ApB> 
£CB, having the angle Bcommon, w»!l be fimi*- 
lar ; therefore (by 4. 6.) EB : BG : : BA : BD^ 
or the half pf EB : BC : : BC half of AB : 
BD, (byiC.eO^^- 
PR o p. VI. 

In every triangle, as ABC, the refl:angle un- 
der the fines of the arches BA and 
CA, is to the fquare of the fine total. Fig. 36* 
as the rcftangle under the fine of half 
an arch compofed of the bafe BC, and of the diff 
ference of the arches BA and AC ; and under the 
fine of half the difference between the bale, and 
thp difference of the arches AB and AC» to the 
fquare of the fine of half the angle A. 

DemonftraU By the foregoing, the reiSiangle 
uncfer the fines of the arches AB and AC, is ta 
the fquare of the fine total, as the difference be- 
tween the verfed fine of the bafe BC, and the 
verfed fine of the difference of the arches AB and 
AC, to the verfed fine of the angle A. Put in 
the place of thefe two laft lines, two reftangles, 
which Ihall have the fine total for th«ir bafe^ and 
thefe two lines for their height, or the half of 
thefe reflangles, and you will find that the reft- 
angle under the fines of the arches AB and AC^« 

wUt 
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will be to the Tquare of the fme total, as tbcr 
redangle under the fine total, and under half the 
difference between the verfed fine of the bafe BC^ 
and the verfed fine of the difference of the arches 
AB and AC, is to the rectangle under half the 
fine total, and the verfed fine of the angle A« But 
by Lemma i. this third re£langle is equal to the 
redangle under the fine of half an arch compofed 
of the bafe BC, ai^d the difference of the arches 
AB and AC, and under the fine of half the dif- 
ference between the bafe BC, and the differenct 
of the arches AB and AC ; and by Lemma 2,^ 
the fourth redangle is equal to the fquare of the 
fine of half the angle A, Theiefore the re^ngle 
under the fine of the arches AB and AC, ^^. 

CO RO L LA Rr. 

To find the angle A of the triangle ABC, of 
which all the fi Jes are known, 

!• Add the logarithms which anfvar to the Jin$$ 
tfthe two arches AB, AC. 

2. Doutle the logarithm of the fme total. 

3. Add the logarithm which anfwirs to the Jim 
of half an arch, compofed of the bafe B C, 
and of the difference of the arches AB, AC, 
to the logarithm which anfwers to the fme of 
half the difference between the bafe^ and tat 
difference of the arches AB, AC. 

Theft will you hav^ three terms, of which the 
fix& being fubtrai^ed from the fum of the two 

others. 
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others, half the remainder will be the logarithm 
anfwering to the fine of half the angle A. 

NoUj If the fides AC, AB, were equal, we 
ihould draw a perpendicular upon the bafe, 
vrhich would divide it equally. 

Prop, the Laft. 

Let the triangle ABC be propofed, wherein 
A is the greateft angle, and is alfo the 
pole of the circle KFD ; let B be the Fig. 37, 
pole of the circle HED, and C the 
pole of the circle IE. Thefe three circles will 
form the triangle FED, of which the fide FD, 
cppofite to the angle A, will be its fupplement ; 
the fide FE will be the meafure of the angle C, 
and the arch D£ the meafure of the angle B* 
Coflipleat the circle AC, and all the other arches^ 
till they terminate in the &id circle. ■ 

DemonjlraU Since the points A, B, C, are the 
poles of the circles KD, HD, IE, the angles 
I, K, L, M, G,'H, will be right, (by &i^. 8.) and 
for ' the fame reafon the point D, E, F, will be 
the poles of the arches AB, BC, AC ; from 
whence it follows, that DG will be a quadrant, 
(by Sup, 4.) as FK ; and GK, which meafures 
the fupplement of the angle A, will be equal to 
FD. In the fame manner EL, and FI, will' be 
quadrants, and confequently \\j^ which meafures 
the angle C, will be equal to the arch FE. Lafily, 
DH, and EM, will be quadrants; and confe- 
quently, HM, which meafures the angle 6, will 
be equal to the arch D£. 

Farther, the angles of the triangle FDE, will 
be meafured by the oppofite fides of the triangle 

ABCi 
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ABC ; only that in the place of the greateft angj 
E, its foppfcmcnt muft be taken. 

Demonfl. The arch HB, and the arch AG, 
are equal, being both quadrants, {by Sup. 2- J 
therfore GH, which meafures the angle L>, id 
equal to the fide AB, ^^, 

C d R L LJ Rr. 

Zf in the triangle ABC, the three angles are 
known, I fuppofe, in oppofition to it, i 
Fig^ 38. another triangle DEF, wherein making 
DF the fupplement of the angle A, I 
give to FE the value of the angle C, and to DE 
the value of the angle B. Then fearching, by the 
foregoing, the angles D, £, F,.the angle E gives 
me the fupplement of the fide BC, the ai^le D, 
the value of the fide AB, and the angle F, the 
value of the fide AC, 

Obfervi^ throughout all Trigonometry y 

That as thofe analogies which have the fine 
total for their firft term, are moil commodi- 
ous for working, it will be convenient to 
change fuch analogies as have it not, into 
others which have, which may be done by 
means of the following reflections. 

I. The fine total AB, is a mean 
proportional between the fine comple* Fig. 39, 
ment AC, and the. (ecant AD. If 
therefore the following analogy were propofed, 

fhi 
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r ^The fme complement of the latitude of the plaee : 
^ne total : : fne of the fun* s dedination : Jint 
of his amplitude. 
I (hould change it into this. 

Sine* total : fecant of the latitude : :.fine of the 
declination : Jine of the amplitude. 

• 

2. HThe fine total AB, is a mean proportional 
i>etween the tangent BD, and tlie tan- 
gent' complement BC, fmce the tri- Fig, ^o. 
angles ABC, ABD, are fimilar. U 
dien the following analogy were propoied, 

Tangent of the greatejl declination of the fum 
fine total : : the tangent of the prefent declina^ 
tion of the fun : Jine of its dtjtana from its 
neareji equtnp£fial pointy 

N. 

I ihould change it to this. 

Sine total: tangent complement of the grfatejl 
declination : : &c. 
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Practical Geometry. 



iiS( )^^^ Practical Geometry, is here 
g * B g meant in general, the art of meafuring 
i3S{ )S(^ Lines, Surfaces, and Solids. 



PARTI. 

QT Lines. 

RIGHT lines, or lengths, are meafured by 
coniparifon with oiher right lines, whofe 
Ijengths are known or determined, as^^ Fathm^ 
a Footy an Inch, &c. 

P R O p. I. 

To Tfieafure Heights • 

If from the point A, a plummet B be fufpended 
bjr the line AB, and thro' the point D 
a line DC be drawn perpendicular to Ftgj I. 
the line AB, the line CA will be what 
we call the height of the point A above the 
point D, 

G This 
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This idea of height, though not quite exaSva 
fliall be (hewn in another place, is fufficient at 
prefent for us to conclude the height of any 
thing to be a line fenfibly parallel to the thread 
of a pluniihet^ in the plaice of obfervation. 

2. Let it be propoiedto take the height of tb€ 
tower AD. Place the foot of your 
Fig. 2. inftrument,. (which may' be either a 
quadrant, or a femicircle divided into 
degrees, i^c) in any point of the horizontal line 
CD, wbofe length you may meafure with your 
rule, then difpoung your inftrument fo that the 
plummet may play freely on the limb, look thro' 
the two fighte till you fee the point A, the top 
of the tower ; for then will the point A, and the 
two fights be in the fame righf line AC, and the 
thread of the plummet F£ being parallel to the 
Mrpendicular height of the tower AD, the angle 
EFC will be equal to the angle CAD, (by 15. i.) 
which will be alcernatively oppofite to it, and 
confequently the angle complement of the angle 
EFC will be equal to the angle C, the comple- 
ment of the angle A, Meafuring therefore the 
line CD with your rule, you may refolve the tri- 
angle ADC. (by Trig^ 12.} according to the fol- 
lowing analogy ; 

jis the fine of the angle A : U the line CD : : 
the fine of the angle C : to the. line AD. ' ♦ 

In the fame manner you may find the length 
of the line CA. 

You m^y alfo refolve or meafure the triangle 
ACD by protraction, thus : I^ay down from any 
fcalc of equal parts^ fo many parts on the line 

EF 
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ISP, as you find feet or'fathoms, bfc. in the line 
CD, and drawing the perpendicular FG, lay 
?down the line GE, fo as to make the angle 
F£G equal to the angle C ; for then the triangle 
EFGr being fimiiar to the triangle ACD, you 
*nay conclude, that there are as many feet or 
iithoms, t^f. tn the line AD, as you find parts of 
the line FE, in the line FG ; fo that the linfc 
WE will ferve as a fcale, to meafure all the lines 
bf the triangle ADC. 

3. If you were to meafure the height of the 
rock AC, above the furface of the 
earth B, and could not apply your rule ^Flg. 3, 
to the horizontal line BC. 1 ake two 
points, as B, D, any where in the line BC, (b 
that you may meafure the diftance BD with your 
rule, and can fee the point A thro' the fights of 
;your inArument ; then at the point B take, as 
above, the angles B A C, ABC, and . at the 
point D the angles DAC, CDA, which will 
furnifb you with the following analogies : 

yfs the fine of the angle BAD : to the Vine 
I BD : : the fine of the angle DBA : to the 
^ line AD. 

Then, A$ the fine of the angle C : to the line 
AD : : the fine of the angle CDA : line 
AC. 

Or geoaietrically ; laying down upon the line 
EF fo many equal parts a& there aie feet, ^c. 
between B and D, and making the angle GEF 
equal to the angle B, ais the angle HFG mull be 
equal to the angle D ; then from the point G^ 
tvhere the lines EG, FG meet, draw the perpen- 
dicular GH, and the figure (JFEG, will be 
iunilar to the figure CDBA, and the line FE 

G a wiU 
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Vf\\\ ferve as a fcale for the /iieafurement^ that i^ 
«ll the lines of the figure HFEG may be mcaf 

fured by* the fcale from which the line FiL wasi 
laid down. 

44 If you cannot find two points in the fame 
level,, chufe two points B, D/whofej 
Jv^. 4. diftance you can meafure at leaf): with! 
a cordy and from both which ^ youj 
may fee the point A, thro' the fights of your in-j 
flrument ; then from the point B, take the angles 
DBC, ABC, BAC, and from the point D, 
the angles DAC, ADB, and you will have no 
trouble to refolve the figure ADBC, or to make 
a fimilar one EIGH, of which EI will be' the 
icale. 

5. In the fame manner may be mea- 
iP(?. 5- fwred the lines AD, AB, from the top 
of a tower, provided we know the line 
AC, or DB, or DC, 

Pro p. II. 

7i meafure inaccejjible DiftanceSm 

Suppofe you would know the diftance betwixt 
two trees A, B, ftanding on the other 
Fig. 6. fide of a river : Chufe two ftations, as 
C, D, the diftatKe between which yon 
may meafure ; then planting your inftrument at 
D, and taking care it lies truly horizontal, look 
thro' the fights till you fee the p<JintsC, A, B, fo 
fliall you find the angles ADB, BDC; do the 
fame ^t the point C, to find the angles BCA, 
ACD^ then will you be furniihM with fufficient 

data 
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3ata to refolve the figure ABCDj or to make a 
pimilar one GHFE, meafurable by the fame 
icale from which you laid down the line F£. 

Prop. IIL 

•91? lay down the Ichnographical Plan of a phce 
' upon thefpot. 

An ichnographical plan is a figure fimilar to 
that which the thing itfelf makes upon tl^e earth's 
Surface. Thus the plan of a houfe is a juft re- 
Iprefentation of the figure fuch houfe makes upon 
'the level whereon it ftands. 

k 
.« 

y I. Provide a fcale divided into what parts you 

pleafe, as fuppofe fathoms, fee'', and 

inches, as in Fig. 7, making your divi- Fig* 7* 

^fions for fathoms greater or lefs in pro- 

^portion, as you would have your plan large or 

^mall. 

The ufe of this fcale is very eafy : For if I 
would, for example, take upon it 3- fathoms 4 feet 
2 inches, 1 place one foot of my compafTcs on the 
point A, common to the line of 3 fathoms, and 
that of 2 inches, and extend the other foot to the 
point B, where the line of 2 inches cuts that of 

' 4 feet, and the diftance A6, will evidently be 
•3 fathoms 4 feet 2 inches. (See in the Appendix 
tb^defcription and ufe of Diagonal Scales,) ^ 

2. Several inftruments. are ufed for taking the 
' angle made by two walls, but the bcft 
fort is that called zMetragon^ made of Fig, 8. 
two rulers, join*d fo at C, as that they 
niay open and fbut ; round the point C is de- 

• G 3 fcrihed 



fcribei) a circle divided into degrees, and on thd 
point C) or center, is fixed a fmall index,, whic^ 
as the rulers open or (hut, runs thro' the divifiooayj 
and (hews exadly the diftance they ftaiyi at. 

The ufe of this inftrument is, by applying on« 
ruler to one wall, and the other to theother, 
either bn the infide, or the out, and the index 
will (hew the angle they make with each other. 

3. Suppofe It were required to take the icbno* 

Graphical plan of the building ABC»| 
Icafufe the length DE of the wall A,' 
and taking the fame meafure from youri 
fcale, fet it upon the line HI; /then taking the 
length of the wall H, and the angle it makes with 
the wall A, fet o(F from your fcale the length of 
the wall B, upon IK, laying down the line IK, 
fo that the angle HIK, may be the fame that' 
the wall A makes with th^ wall B ; do the fame 
with all the other walls, and you will produce the 
. figure H I K L M, which will be the plan of 
the building ABC. The reafon oi which it: 
evident. 

I 

4* But becaufe the multitude of walls anj 

angles to be taken in a large building, 

JFig» 10. Biay caufe fome error to flip in and 

fo binder the clofing of the figure, ob* 

ferve the following method : Suppofe a plan were 

to be taken of the building R. Extend the chord! 

AB-, divided into fathoms, feet, and inches, along 

one fide, as A£, the length of which you may 

tranfport from your fcale upon HI, which yea 

may continue or produce as an obfcure line, to 

what length you pleafe. Farther, havinga large 

.fquare> Aide one of its fides along the chord, till 

the 
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other exadly anfwers to the point D, then 
ike from your fcale the liidances AE, and £C, 
td haying laid them down upon HIM, fet^ 
likewtfe the diftance CD upon the perpendiciilar 
MN, and the point N in the plan will reprefent 
fke point D. Do the fame for all the other points, 

tyou may fee in the figure, fo (hall the figure V 
the exa<£tplan of the building R. 
In thifi manner may the plan of a Cityi with 
its feveral flrects, be eafily taken. 

P R'O P. IV. 

Ti taie Ichnc graphical Plans at a dijlance. 

Suppofe a plan were to be taken of the place A. 
Chufe two ftations, as B, C, as far 
from each other as you can convenient- Fig. ii. 
ly, ( meafuring the d'lftance ) from 
whence you may fee the moft angles of the place^ 
as £, F) G) H, I, K> then fixing your inftrument 
horizontally at the point 6, take (by Prop. 2.) 
the angles EBC, FBC, GBC, HBC, IBC^ 
KBC, do the fame at the point C, for the angles 
KCB, ICB, HCB, &rr. then taking upon 
your paper two points M, N, to reprefent the 
points B, C, make the angles OMN, PMN, 
RMN, SMN, l^c. equal to the angles E B C» 
FBC, GBC, fcfc. and the angles O N M, 
P N M, R N M, equal to the angles E P B, 
FOB, GCB, t!fc. and the lines MO, NO, 
meeting at the point O, as the lines MP, NP, at 
the point P, &fr. will form the figure OPRSXT, * 
Gmilar to the figure EFGHIK. 

To proceed with the plan, you mutt take two 
Other fiations, D, L> which are reprefcnted in the 

G4 ' plaa 
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plan by two otlier points, as Z, Q_,' in making the 
angles TNZ, Z T N, equal to the angles 
KCD, DKC, and the angles ZTQ., QZT, 
equal to the angles LKD, LOK. j it will be 
cafy thus to take as many ftaiions as you pleafe, 
doing in alt reipeils as at tiie ftations B, C, to take 
in the whole circumference of the place. Each 
fide may then be 'meafured by the fcale, from' 
which you to^jk the lengths of your ftationary 
lines. ' " " 

Nut/, 1. It will be flill more eafy to take plans 
of iielda, snd of roads, where you only fix 
your inftrumeiit at fome principal points, 
which will ferve as ftations for taking thofe 
between them. 

2. When we arc obliged to take the plan of any 
place upon the Tea, we ufe the Compafs for 

(.tkingthe anglet. 
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To meafure Surfaces* 

SURFACES, or fuperficics, are meafured by 
comparifoa with certain fquares, denominated 
from the meafure of their refpcdivc fides, as fquace 
iathoms^ or f^uare feet, Cfff'. 

Prop. V. 
To meafun plane Surfaces'^ 

T. To find the area or content of the re£languh 
lar parallelogram ABCD, multiply its 
bafe ^B by its height ADj and the //]g\ i2» 
produft will give you the content, that 
is, the fq^uares it contains : and as any other paral- 
lelogram, ABFE, is equal to a rectangle ABCD,, 
of the -fame bafe and height, (by 35. i.) its con- 
tent will be found by rtiult?plying its bafe^ by its. 
perpendicular height, as- before, thoVit be not 
a redfangie. '• . 

2. The trianglip ABC, being the 
half of a parallelogram of the fame bafe Fig^ ijk 
and height, (by 37. 1.) to have its con- 
tent you muft either multiply its bafe by half its, 

G5 height^ 
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height, or its height by half i^ bafe^ or niuki'- 
plyihg the whole Bafe by the whole height, take 
half the product. 

• 

3. In the trapezium ABCD, the op- 
Fig. 14. pofite fides AB, CD, are parallel, there- 
fore multiply the half of AB, and the 
Fig. 15, half of CD, by the height EF. But if 
they are not parallel, multiply the diago- 
nal AC by half the fum of the perpendiculars 
DE, BF. 

Remark. 

Thus Surveyors nreafure land, and thus Artifi* 
cers meafiire their works, as pavements, roofings, 
and floors, ^c Thefe propofitions may alfo be 
applied to the Military Art, in finding what 
number of men com pole a battalion or fquadron \ 
for by multiplying the number of men in rank by 
thofe in file, you have the anfwer. 

4* To find the area of a regular polygon, as A ; 

draw from the center A, the pi^pendi* 
Fig. 16. cular.AB, to one of its fides HC, 

which being multiplied by half the cir- 
cumference, or fum of the fides, will give the con- 
lent : Fof if IR be taken for the"height of a tri- 
angle equal to £A,|9nd the bafe IF be made 
equal to the circumference CDEFGH, the tri- 
angle IRP will be equal to the polygon A. 

5. A circle may be confidered as a polygon of 
an infinite number of fides, to which its radius 
16 perpendicular ; therefore its area may be found 
|)V|multiplying its radius by half its circumference. 
Afid ^us we ihould find the quadrature of a 

firclc, 
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circle, (which haia never yet been obtain^) if W9 
coukl exadly determine the proportion between the 
circumference and the diameter. We caa <mly 
find, by calculation, that the circumference is to 
the diameter nearly as 2a to 7, of nearer, at 
3,14159 to I. 

To meafure a/urface whofe boundaries are feaie 
of them ftrait lines, and others curve, 
divide it into fevernl triangles, which, /7^« 17* 
by reafon of their fmalnefs, may pafs 
for rectilinear, without any confiderable errqr. 

P » o p. VI. 

To nuafun curve Surfaces. 

I . To find the furface of a redangular cy linder^ 
multiply the circumference of its bafe, 
by u^ height ; for if you imagine the Fig. i8« 
curve furface of a cylinder cut open and 
extended to a plane, it will become a redangulaf 
parallelogram, whofe height is that of the cylinder, 
and its bafe a right line equal to the circumference 
,of the cylinder. 

If the cylinder A is not re£tangu!ar, you muft 
multiply the circumference of the bafe 
by the line BD5 becaufc its furface Ftg. 19; 
^Ul be an infinite number of paraUelo- 
grams, having all the fame height BD, and whofe 
bafes all together will make up the circumference 
of the bafe of the cylinder. * 

2. If the circumference of the bafe 
of a right cone A, be multiplied by Fig. 20* 
half its fide EF, it will produce the 
axea of its furface j which is the fum of an infinite 

number 
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number of triangles, whofe height is EK, and 
all whofe bafes together form the circumference 
of thd bafe of the cone. 

Lemma I. 

If a right cone be cut by a plane parallel to its 
bafe, the common feflion D will be a 
Fig, 21. circle, whofe radius will have the 
fame proportion to MA, the radius of 
the bafe, as CD to CA, or as DO to MA, 
(by 4. 6,) and as this fedtion wilf be perpen- 
dicular to the axis CD A, (by t. ii.) the part 
DC . of the divided cone, will itfelf be a right 
cone* 

C RO L LA RT. 

< 

If HG be fuppofed equal to the circumference 
of the circle A, and LF equal to the fide CM ; 
if alfo EF. be equal to the fide CO, then will 
lEK, parajlel to HG, be equal to the circum- 
ference of the circle D. For the circumference of 
the circle D, is to that of the circle A, as DO to 
MA, or CD to CA, or as IK to GH, which 
was fuppofed equal to the circumference of the 
circle A. - Thus the triangle F*IK,\will be equal 
to the furface of the cone DC, and the trapezium 
IKGH, will be equal to the furface of the 
feftion DA. 

In the fame mannA, if we fuppofe the bafe V, 
cquall/ diftant from the bafes D, and A, its 
circumference will be found equal to the line 
.RP. of the trapezium, equally diftant from the 
line HG, and the line KI. But the trapezium 
GHIK is equal to a redangular parallelogram 

of 
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of the fame height, having RP for its bafc? 
therefore the furface of the fedion of a cone, is . 
equal to a-re<3angular parallelogram, whofe bafe 
is equal to ihe circumference of its mean bafe V, 
and height equal to the fide OM, 

• 

L £ M M A II. 

Suppofe the femicircle AKG, touch'd by the 
line OB in the point C, and by the 
line AE in the point A ; further, fup- Fig. 22. 
pofe C B, C O, equal. Draw B E, 
ON, and CM, parallel to AG ; and LK, XF, 
parallel to AE ; if then the whole figure be fup- 
pofed to be turned about the perpendicular LK, 
whofe point L is the center of the femicircle, the 
line OE will defcribe the furface of a right cy- 
linder, whofe radius will be ON, or LA, and 
its height XF; and the line OB will defcribe 
the furface of a feftion of a cone, the radius of 
ythok mean bafe flball be CM, and its fide 
OB ; I fay, thatthefe twofurfaces will be equal. 

Draw LC. 

Demonjlrai, The reSangular triangles EOB, 
CML, are equian^lar, for the angle BCM, 
which is equal to the angle B, (by 15. i.) the 
complement of the angle O, is alfo the coniple- 
jnent of the angle LCM. Then (by 4. 6.) EO, 
or XF : OB : : CM : CL, or AL ; and- fince 
the radii are in the fame ratio as the circumfe- 
rences, (by I. 12.) XF, or OE : OB.: : -the 
circumference of the mean bafe CM : the cir- 
cumference of the bafe AL. Therefore (by 15. 6.) 
the reftangle under OE, and the circumference 
of the bafe AL, which is the furface of the cylin- 
der. 



4cr,^ is equal to the reflangle under OB, arid" the* 
cftcumference of the mean bafc CM, which is the 
furface of the fedion of the cohe, 
* If the point B falls in the line LK, the feme 

thing will follow, tho' the cone be not 
Fig. 23. cut* For the triangles XBN; CLM» 

will be fimifar, and confequently BN, 
or OE : XB ; : CM : CL- 

COROLL. h 

Ifabotttthe feinicircle A be circumfcribud the 
polygon DB£> dnd the perpendiculars 
Fig. 24. AB, DC, EF, be drawn upon the 
diameter DE ; if, further, the whole 
6gure be fuppofed to be turned about tlie line 
AB, the fides of the polygon will dcfcribe fur- 
faces of cones, which all together ,will be equal to 
the furface of the cylinder defcribed by the line 
DC* But the femicircle is a polygon of an infi- 
nite number of fides ; therefore the furface of 
the femiglobe, which it defcribes, will be equal 
to the furface c^ the cylinder defcribed by the 
line DC. ^ 

COROLL. IL 

If the furface of the cylinder, and that pf the 
femiglobe, be each of them divided 

Fig. a5* into feveral parts by parallel planes, 
each part of the one, will be equal 10 

the conefpondent part of the other* 



Prop. 
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Pro p., VII. 

■ 

To find the furface of a femiglobe, multiply 
its radius by the circumference of one 
of its great circles, or by * *. of its dia- Fig. 26. 
meter. In the fame manner, to meafure 
the concavity of a vaulted or fpherical roof, pais 
a circle thro' its fummit D, and thro' two points 
£, C, diametrically oppofite ; then multiply the, 
height AD by *^ of the diameter of fuch circle* 
All which follows from the preceding CoralL 

We take no notice here of furfaces deftribed 
by the circumvolution oF parabolas, hyperbo- 
las, ellipfes, ffTf. nor of bodies bounded by 
thofe figures, as not being necefTary to our 
prefent defign* 
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PART IIL 



To tneafure S o. l i D $• 

SO L I D S are meafured by comparifon with 
certain known cubes, denominated from their 
jefpedive fides; as ..cubical , fathoms, cubical 
/ect, &c. 

Prop. VIII, 

J. To find the folidity or content ofthe re£tan- 
gular parallelepipedon A ; muhiply the 

Fig. 27. area of its bafe BCDE, by its heigBt 
BF, becaufe H'.its bafe contains 4 feet 

fquare, and its height two feet, it will contain two 

layers of 4 feet fquare each. 

• • » . 

2. If the parallelepipedon B is not rectangular, 

you muft ftiil multiply its bafe by its 
Fig. 28« neight' GH, becaufe it is equal to a 

rediangular one of the fame bafe and 
^height. , 

3, To find the content of a prifm, %3 A, mul- 

tiply the area of its hafe by its height. 
Fig. 29. it being the half of the parallelepipe- 
don ABEC, which is to be under- 
'Hopd of all kinds of prifms, as well as triangular 

3 ones^ 
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fince they all may be divided into trlangu-* 

ins ', and further, fince cylinders are pri^s 

Infinite number of fides, we aifo multiply 

tea of their bafes by their height, to have 

j^ntent. 

^he area of the oafc of a pyramid A, being 
)]ied by the ^ of its 'perpendicu- 
iight A£, will give its content. Fig, 30. 

|fe it is but the one third of aprifm 
fame bafe and height (by 7. 12.) The fame 
>e underftood of cones, which are pyramids 
infinite number of fides. 

A globe may be confidered as an infinite 

)er of pyramids, whofe vertexes meet in the 

T, and whofe bafes form the circumference : 

idius of the globe will be the common height 

pyramids j cpnfequcntly therefore, multi- 

ig the furface of the globe by y of its radius, 

produce its content, that is, tl^e content of all 

pyramids compofing-it. 

^6. In the fame manner the fe£lor of a globe is 
lal to a cone, having the radius of a (cAov 
its height, and its bafe equal to the convex 
rface of the fe£lor. Thus may a feftor, or any 
fther part of a globe be eafily meafured. 

{* 

' 7. To meafure the fruflum of a cone, as CDFE, 

prolong its fides C D, E F, till they 

iJneet in the point K ; then meafure the Fig. 31. 

'cones CKE, DKF, and fubtrafl the 

J latter from the former, the remainder will be the 

content of the fruftum CDFE. 

To 



t 

To avoid a multiplicity of operations, the com- 
mon praiStice is, to multiply the bafe A, and the 
bai'e B, by the half of their diftancc A, B, tho' 
this way is not altogether exad. 

In order aifo to find more readily the content of 
the bafes by their diameters, we make 
Fig, 32. ufe of a rule AB, divided in the fol- 
lowing manner. Take AD equal to 

1 foot 3 inches, and a little more than three lines, 
(which is the meafureof the diameter of a circle 
equal to a foot fquare) and fet AC equal to AD, 
perpendicular upon AB : it is then plain (by 
47. I.) that CD will be the diameter of a bafe of 

2 feet I make then AE equal to CD, and AF 
equal to CE, and AG equal to CF, Wr. and 
(6 will you obtain the feveral divifions of your 
rule i and in the fame manner alfo may you lay 
down the halfs^ and quarters. Thus we meafure 
Vcffek, Malts, Yards, Piles, t^c. 

8* Other Irregular bodies are meafured by dU 
viding them into prifmS) and pyramids, and often- 
times the (horteft ways are preferred to tbeex*^ 
a&eft* Thus iqme gauge a fliip as if it were a 
prifm, by multiplying the length of of its kee) into 
a triangle,, whofe height is the depth of the fliip^ 
9nd its bafe the mean width, or length of the midr 
Ihip beiiin. 



PART 
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PART IV. 




Some Problems. 

THIS part in the original contains five 
problems, the firft and fecond of which be- 
ing the conftru^ion of the French fedor, and the 
proportional compafTeS) anJ the fourth the man* 
ner of infcribing regular polygons in a circle \ as 
I have more largely treated of the firft in the ap* 
pendix to this work, and included the laft in the 
extradl I have added of the fourth Book of EucUd^ 
omitted in the French ; I ihall therefore here only 
add the two following Problems. 

Problem L 

To make plane figures equal to oihen given. 

r. To make a parallelogram equal to a triangle 
ABC, let its bafe £B be equal to 
half the bafe of the trian|le, and make Ftg. 33. 
it between the parallels £B, CD, (by 
41. I.) But if the parallelogram muft have a de- 
termined line L for its bafe, continue CD, till 
DK be equal to L, then drawing the line KB, till 
it meet C£ in the point F, and Hniihing the paraU 

Iciogram 
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lelogram CKFH, its complement BGHI will 
be the parallelogram requir^ed. 

2. If you divide the right-lined figure given 

ABCDE,, into three triangles, and 
Fig, 34. , change thofe triangles into three reft- 

angles having the fame bafe FG, (by 
the preceding) placing them one upon another 
you will make a r^itangle equal to the re»5tilinear 
figure given. . . 

3. If you feek a mean proportional between 
the bafe FG of the redangle FGIH, and its 
height GH, (by 13. 6.) the fquarc upon fuch 
m^an proportional Will be equal to the redangle 
FGHI, and confequcntly to the reftilincar figure 
ABCDE. 

P R O B L E M II. 

Of the dlvtjion of rMt lined plane figure t» 

I. To divide a triangle into any number af 
parts, either equal or unequal,' in any 

Fig* 35- proportion given j divide its bafe AB 
into fuch number of parts, and in fuch 

proportion ; then draw lines from the point C, to 

each divifion : fo ihall the triangle be divided in 

the proportion required, (by i. 3.) 

2. In the fame manner to divide the 
Fig* 36* parallelogram ABCD, divide its paraK 

lei fides AB, CD. The fame is to be 
Fig* 37. done with a trapezium, as ABCD, whofc 

fides oppofite AB, CD, are parallel. 

3-« 
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3- If thereailioear figure ABCED be to be 
divided in npy given ratio j divide it 
into triangles, and make three re^lan- Fig. 38,' 
clcs of the iamc heiglit, equal to the 
three triangles, viz. LN, NO, OP, {hy Prob. 1.) 
then divide the line LP according to the given 
ratio in the point R, and fuppoJing that point 
falls in the bafe LN of the parallelogram, equal 
to the triangle CDE, divide DE in the point S, 
in the fame ratio as LN in the point R, and the 
. line CS will divide the redilinear figure in the 
ratio given, as tha perpendicular R Q_ divides 
the rediangle MP in the faid ratio, (by the pre- 
ceding) iince the triangle CSK will be equal to 
the reflanglc LMQRi both the one and the 
other having the fame ratio. 
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M E C H A N I C K S. 




DEFINITIONS. 

«$.ojioo$oAY Mecbanicksy is hete meant th^ 
I B I ^^^ ^f movmg or raifing heavy 
I I bodies with facility. 

2. Wje call Gravity that inclination whereby 
heavy bodies by their weight defcend, or approach 
the center of the earth. 

3. By J^otionvre tinderftand thefucceffivepro- 
greifion of a body from one place to another, and 
of the quantity of fuch motion we judge, i. By 
the magnitude of the body moved. 2. By the 
length of the fpace it runs through in a limited 
time. 

4* Vekctty therefore is proportional to, and 
may be expounded by the fpace a body moves 
through m a given time. 

5. Pou^^ is that which gives the motion, 
whether it bean animated thing* as the hand of 
a man, or inanimate, as the weight? of a clock* 

3 Physical y 
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Physical Supposition s, 

. I. The refiftancc found in moving a body pro- 
ceeds chiefly from two caufes : i. The body we 
would move has fometimes beforehand a contrary 
motion to that we would give it, as when we 
would raife a weight which has a natural tendency 
to defcend, 2. At other times, the body we would 
move cannot ftir without the partition or divifion 
of fomething containing it, as when we would 
move a body in the water, 

2. If two bodies at refl; are equal in all refpe^ls, 
an equal power is necefTary to give them an equal 
velocity of motion, (hy Def. 3.) But to make one 
body move with twice the velocity of another, a 
double powJr muft be applied, (by Def. 3 ) there- 
fore every thing elfe being equal, the .power muft 
be increafed in the fame ratio or proportion with 
the velocity. 

• * 

3. A power can only communicate fomuch 
motion as is in itfelf. 

4. Gravity being nothing elfe but an inclina- 
tion or tendency towards the earth ^ that force in- 
creafes always in a reciprocal proportion to the 
fquare of the diftance from the center. 

■ 

5. A power cannot move a body, unlefs its 
force be greater than the refiftance, or contrary 
motion of the body ; and as the refiftance of a 
body increafes in proportion to the velocity, of its 
motion, (by Def. 3.) it is evident the force of the 
power ought to increafe in the fame proportion 

with 
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^1i the velocity qf the body, all other circum- 
fiances remaining equal. The following Axiom 
may therefore be looked upon as infallible. 

A power is capable of moving a body, when the 
force of that power has a greater proportion to the 
contrary force of the body, than the velocity of the 
body to be moved has to the velocity of the pow- 
er, and not other wife. 

Upon this principle then, (which cxaSly agrees 
with Definition 3.) the whole doSrine of Mecha- 
nicks may be faid to depend, without fearching 
after any others, as many authors do to no purpofe.^ 

P R O p. I. 

If the weights A and B are equal in all refpeSs, 
and.are hung on the two ends of a ba- 
lance horizontally fufpended at the Fig. u 
point C, fo that the parts GA, CB, 
are cxaaiy equal, the weights wiU remain in 
equilibrium. 

* 

D^monji. The weight* A cannot dfefcend to 
the point D, without raifing the weight B to the 
point G, which is impoffible, (by Jx. preced.) 
fincc its force has no greater proportion to the 
contrary force of B, than the fpace or velocity 
fG of B, has to the fpace or vekcity, ED of A. 

Remark. 

It is true^ that as the defcent or afcent of heavy 
bodies are meafured by lines tending 
towards the center of the earth, as CB, Fig^ 2, 
FA, the weight B will defcend more 
tbaji the weight A will rife* Jojr HG : GF : • 

H AD: 



AD : FA, and HG : GC : : EB, or AD : 
fiC 5 then fmcc GC is greater than GF, BC 
will be greater than FA, But as this difference 
will ccafe upon placing the beam duly hori- 
zontal ; (b if the fide on which the weight A 
Jiangs be inclined, then will the Weight A have 
-the advantage of the weight B, for the fame 
reafon. 

a. If the weight A is double the weight B, 
and if reciprocally the diftance CB is 
Fig. 2* <^hle the difiance CA^ the. weights 
will be flill in equilibrium. 

Dimonji. The force of (he weight A will be 
tothefoj^ce of tbfe weight B reciprocally, as the 
^velocity or fpacc run thro* of the weight B, w«. 
DF, to the velocity or (pace EG, run thro' by 
the weight A ; therefore (by jfx.) the weight A 
cannot rai(e the weight B» nor the weight B the 
height A. 

In this cafe it is alfo neceflary, thisit the beam 
be perfeiSly horizontal^ for the fame reafon as 
"before. 

3* It ^seafy to conclude, that if the velocity 
of the weight B increafes in greater proportion 
than the velocity of the weight A, the weight B 
will Gonfequeatly raife the weight A. • 

CO RO L LA Rr. 

, From what h^« been faid it may%e concluded^ 
that the whole art of Mechanicks confifts in 
diminifliing ihe velocity of the weight to he 
move^, at the fame time that we increafe the 
velocity of the power cauiing fuch movement. 
4 This 
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This may be done many ways^ of which thcfe 
chat follow are the chief. 

Prop. IL 
Of the Lever. 

1. If the bar AB be fo refted on the. peint C> 
that the part BC be fliorter than the 

part AC, when the power A deicends, Fig. 4* 
the weight B will be raifed ; but the 
velocity of the power A will be greater than the 
velocity of the weight B, in the laqae proportion 
as CA is greater than CB ; therefore the re&ft- 
ance of the weight B will dimini(h in the fame 
proportion with regard to the power A, (by Cotm 
preced.) that is to fay, its reiiftance will become 
to what it was before^ as CB to CA» 

We call the bar AB in this cafe, a l0iver q/ 
tbefirji kind. 

2 . If the bar AB be refted upon the point A, 
and the weight be hung at C, its ce- 
iiftance with regard to the *powcr B, Fig. 5* 
will diminifh in the fame proportion 

as QA is lefs than BA9 becaufe its velocity 
will be diminifhed in that proportion. For 
^itce Cte arch of the afeeiit of the power B.will 
bave AB for its radtiis» the arch of the afcent of 
lite ;migbt C»\«nill have for ita radius CA. la 
this Second, tafe, AB is called a Lever rf thefe>-^ 
^mf Und. 

It will be eafy to tefer thefe two kinds of 
Z^evers, fevecaUorts of inftrumeatSy us pinchers* 
fciflarsy i^u 

U% P R o f • 
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P a o p. III. 

Of inclined Planes* h 

Tf the weights A and D are faftened to the 
chord A ED, and the weight D de* 
Fig. 6. fcends by the vertical line DJE, whilft 
the weight A is raifed up the incimed 
plane AE, in a dircAion parallel to that plane the 
velocity or fpace run thro* by the weight A, when 
come to £, (hall be meaiured by the line £D» 
fince that is the true height it is railed] and the ve<- 
locity or fpace run thro' by the weight D, (hail be 
meafured by the line A£; and confequently the re« 
fiftance of the weight A will diminiih wjth regard 
to the power D, in proportion as DE to £A ; that 
is to fay, that upon the inclined plane A£, the 
xefiftance of the weight A, ViU be to its own na« 
ttiral reftftance as £0 to EA^ fuppofing no impe* 
diment by fri£lion» 

Wedgesj and nails are to be referred toincline^ 
planes. 

PkoP. IV. 

Of Putties. 

I. The pullies A being fix'd, do not at all di« 
minifh the lefiftance of the weight C, 
/%.7$8. with refpefi; to the power B, becaufe 
they make no alteration in their velo- 
city. On the contrary, the fridlion of the chord 
paffing thro* the puUies, increafes the roCftance of 
Ibe weight \ therefore fucb fixed pullies are never 

ufsd 
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Died but for the more eafy application of greaiq: 
powers. 

' 2. To leflen the friftion of the chords, wheek. 
sre placed in the pullies; which the bigger they 
are, ihe better, becaufe their circumferences have 
thereby the greater velocity with regard to the 
iridion of the axis, befides that they make fewer 
turns. 

3. If the weight A be faftened to the moveable 
block A, and a rope being fix'd to the 
immoveable block B, pafs feveral times Fig. 9*' 
thro' both, it is evident that the power 
C, being applied to the end of the rope, cannot 
defcend without raifing the block A; but to 
raife it the whole length of the line AB, th# 
power muft defcend as many times the length of 
ihe fame line, as there are returns of the rope from 
onf block to the other. So that the veJQcity of 
the weight A, will be to the velocity of the power 
C| aa one to the feveral turns of the rope \ or as 
unity to twice the number of moveable pullies. 

4« It is eafy to perceive bow by this means the 
refiftance of weights may be indennitely diminifli- 
ed, viz^ by multiplying the turns of the rope, or 
increafiog the number of pullies, as in Fig, 9. 
wherein the refiftance is 4 times lefs with regard 
to the power C, which has 4 times its velocity, 
but becomes 16 times lefs with regard to the 
power D> which ban i^ times a greater velocity. 

H 3: 5. For 
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• 5. For the fame reafons, the weight A will 
have its whole force upon the rope which fudaint 
the imoveable block B, becaufe it has the fame 
velocity with the block B ; for if the block B be 
let loofe, it will h\\ thro' juft the fame fpace as 
the weight itfelf would. But the weighs A lays 
but |- of its ftrefs upon the rope which fattens the 
end JB to the. block, becaufe if the faid end be 
unloofbd, it will have 4 times more velocity than' 
the weight ; fo ^Ifo the rope faftening the end H 
t«^ thie btock Fy will bear but the ^ of the ftrefs 
of the weight, beca«ife that end will have 16 timet 
ttie velocity of the weight. 

Prop. VI. 

I. When the power C, at the end of the bar 
AC, has turned the capftan AB* the 
Fig. 10.' rope DF will be alfo turned round the 
ax4e D, and Will have fo ftrf adf anccdf 
the weij^ 1L% but ^t evejfy ^m <Jl th^ ^piftaiv 
the power defcribes the circumference of a circle, 
whofe rafitufli is AC, aind the weight £ is only fo 
far advanced as is one turn- of the rope abomi the 
axle D ; and confequently the velocity of the 
power. will be to thc;^ velocity of the weight, s» the 
radiiis CA to the radius of the axte 0, and (he 
force of the power C will be augmented with re^ 
gard to die weight £, in the fame proportion* 

2* It is eafy to apply the fame confix 
1 1, deration to Wheels, to Cranes, kstc. But 
mte^ the power of wheels may be indefi- 
nitely 
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nitely increafed by mixing pinions, or fmall wheeb, 
among the great ones. For example, if the radius 
of the axle of the vertical wheel A, , which ha» 
72 teeth horizontally- placed^ is but a fourth par( 
of the radius £F of the handle D, and if the 
wheel C has but 6 teeth, which take the teeth of 
the wheel A, when the power D fliaH have mad^ 
to. turns^ the wheel A, and its axle, will have 
made but one, and the weight G will be raifed 
but one turn of the cord about the axle HB;.' 
therefore the vMocity of the power D will be ta 
that of the weight G, as 12 turns of the handle to 
one turn of the axle H, or as 12 to -^^ or as 4S 
to I' ', and coniequently the power D needs only be 
the ^ part of the weight G* 

3. A variety of machines may be made by the 
multiplication of wheels ; but great care muft be 
takgn that th^ fridicm be as little as poffible. 

Prop* VII. 

€/ iht Screw. 

If the powers D turn the fcrews B, at each turn 
the weight A wiU be raffed one notch, 
and the power will defcribe thecircum>- Fig* 12. 
ference of a circle, whofe radius will be. 
BD ; and cbnfequently the refinance of the 
weight A, will be diminiflied with regard to the 
power D, in proportion as the height of the notch 
is to the circumference of the circle, "whofe radius^ 
is BD. 

a 

H 4 - P R a Fr 
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P R.O P. VIII. 

Of Liquors, 

If the tube A is quadruple the tubeB, with 

which it has a communication by the 

Fig* i3« channel C, and any liquor be put into 

, ity it will, rife to the fame height in 

ftoth tubes. 

. Demonjirat. If there be 4 pounds weight of 

' liquor in the tube A^ there will be i pound in 

thQ'tube- B, fincc both; tubes will be equally 

filled. But the 4 pounds in the tube A cannot 

fink I inch, for example, but the pound in the 

tube B^muft mount 4 inches : Therefore the ratio 

* of the force A, tb the force B, being reciprocal* 

ly as the ratio of the velocity of B^ to the velochy 

of A, the weight A cannot at all raife the weight 

B, (by Jxiom.) 

2. If ypu put into the tube B, a diiFerent Hquor 
from that in the tube A^ itwill ftitl remain in equi« 
librio, fmce the liquor in the tube B will weigh 
as much as that in the tube A, if it rife in the tube 
B to the fame height as in the tube A : ¥ot ex« 
ample^ if into the place of the pound of liquor ia 
the tube B, a pound of other liquor be poured, it 
will make an equilibrium with the 4 pounds in the 
lube A, to wbatfoever height it rifes in the tube B. 
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CO ROLL. I. 

If the body A be put into water, it will fo far" 
fink as till it takes up a fpace equal to a mafs of 
water of its own weight. 

DemonJlraU The body A, with the water 
under it, forms a cylinder, making an 
equilibrium with all therreft of the wa- J^g. 14, « 
tcr, as with another cyjinder : There- 
fore (byN^tfr. preced.) this cylinder compofedof 
the body A, and the water under it, ought not- 
to weigh more than if it was all water, and did • 
not rife above the furface of the water ; therefore- 
the body A weighs as much as the mafs of wa« 
tcr, whofe place^ it - occupies under the furfact- 
of the water* 



CO ROLL. 11. 

« 

In meafuring the capacity of that part of la Ihip ' 
within the water we find its burden : For if, for 
example^ we find the part of a fhip which is un- ^ 
der water to be equal to 1000 cubick ftet, we ^ 
conclude, that the (hip, with all its lading, f^c^* 
19 equal- ia weight to 1 000 cubick- feet of 
water... 
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Prop. IX. 
Of fiifpended Bodies^ 

L e M M A L 

If from any poifit, as G» of the line BG> the 
arch BD be defer ibe<)f and cbe right 
Fig* 15. lines BD4 BA^ bd diawti, and D F 
fall ptt^fyixQxAtaAy upon BA ^ laflljr^ 
if AI be ^rallel to BD, I fej, i. That wh^n the 
point F is between the points A and Bf BD will 
|)ave a lefs ratio toBF, than BAto Ah 

Dmonfi. The ancle BDF being the coaq>le«' 
ment of DBF> wit) be greater than thii ai^)« 
ABIy which together with the angle DBF meikes 
but an acute angle* Imagining therefore the angle 
LDB equal to the angle Afil and the alternate it>- 
terior angles BAJ, ABD, bditgeq^ilal, (by 15* i.) 
the triangles D6L, BAI, will be fimilar •y and 
confeqiiently (by 4. ^.) BA : AI i : DB : BL j 
but BD is lefs with regard to BF, than to fil^ 
(by 8. 5.) therefore BD is left wkh £eipeatoBF» 
Ihan BA to AI, 

7h If the point E fall between the point F* and 
»• .£ the point A, BD wiH have a greatee 
'^^' ^^- ratio toPF, than BA to AI, 

Dimtnft^ ^he angle BDF being but the com- 
plement of DBFy or ABL) will be lefs than the 
angle ABI, which, with ABL, makes an obtuie 
angle ; fer GBD is acute, (by i6. 3.) therefore tb^ 
left wUl (Ulow, as above, ^ 

Le mlm. a 
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Lemma IL 

If inftead' of BD, another line be drawn, a» 
BC, and from the point C, the arch 
ED be defcrifaed, and AH drawn pa- Fig, 15. 
rallel to BC , I fay, i . That when the 
point F falls between the points A and B, £B 
will have a lers ratio to BF, than BA to AH» 
Draw the line EF. 

Demonfl* Since the alternate angles l^BF, 
BAd, are equal, it only remains to prove, that 
ABH is lefe than BEF, (by preccd.) which i» 
evident : for if thro' the three points D, £, B, a 
circle be defcribed, the point F will be found 
within it, iince the angle BED is obtufe, and 
B F D right ; therefore the angle FEB being 
fubtended by a greater arch than BDF, will be 
greater, (by 2i2. 3.) but the angle BDF is grea er 
than ABH, becaufe it \s- the ^complement of the 
angle ABD, which, with ABH, makes but an 
acute angle ; therefore the angle BEF will be 
greater than ABH. 

!• K the point B falTs between tW point A and 
tfce point F, BE will hiive a greater 
ratio to BF« than BA to AH, becaufe Fig. i6» 
eke angle B£F is lefs than BDF. 

Di^onfi. If a circle be defcribed thro* the 
three points B, D, F, the point £ will fall without 
the circle, becaufe tiie angle BFD is right, and 
the angle BED acute ; therefore the angle BEF 
will be lefs than BDF, which being but the com- 
plensent of DBF^ will be lefs ihan ABI. 

' if 



If the weight B is fufpended by a cord, one 
end of which) a$H., h fixed, and the 
/V^. iJh. other end D, paffingthrp' the pully K, 
fufirains the weight D^ I fay, that 
^hen the weight B, fball be to the weight D, as 
the line of dire£tion AB to AL, parallel to the 
line BN, that then tj;»e weights ihall be in equU 
librium. 

Demonflrai. As the weight D cannot raife the 
weight B, to the point G, (by Jx*) becaufe its, 
velocity BG, bears a lefs proportion to the veb- 
clty Bfe, of the weight B, (by Lem^ i. 6f 2.) thai*, 
the force of the weight B, to the force of the 
weight D, fo neither can the weight B, defcend. 
to the point I, (by Jix.) becaufe the velocity BF^ 
of the weight D, bears a greater proportion to the 
velocity BR, of the weight B, than the force oft 
the weight B, has to the force of the weight D,^ 
(by Lem. i.i^ 2 ) and confequently they will re- 
main in equilibrium, {hy j1x/J 

If the point H be not fix'd, but the cord paf«> 
ilng thro' the pully fuftains the weight C, it will. 
Hill be the fame thing; for the. weight C wilL 
t)nly ferve to fliorten the cord HB ; ' fo that we 
may ooncliide, that if the three weights D, B, C^ 
are m equilibrium, the weight B will be to the., 
weight D, as BA to AL, and to die weight C». 
as BA to AN, which is fuppofed parallel to HL.^^ 
and. confequently the weight D,. will be to the: 
weight C,. as AL to AN, or as the firte of thet 
angle ABL, to the fine of the angle ABN« ; 
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P R O P. X.- 

Of Acceleratiom 

Acceleration is theaugmehtation or increafeoff 
motion, caufcd; by a continual application of the: 
gower*. 

B k e 

o, I. 2, ji 4. 5. .6. 7. 

' 7- 7- 7^' ?• 7- 7.' 7* 7/ 

L £ M.M Aw 

The fumof the termsof anartthmeticalprogref- 
fion, beginning with b, is equal to half the fum- 
of an equal number of terms, each being equal to < 
the laft term of the progrefEon^ . 

Demnjk If you take two terms of the pro- 
greffion, of which the one A\ is as far diftant* 
from the laft C,. as the other B, from the firft o, 
their fum will be equal but to the laft term C^ 
becaufe the term G exceeds the term A, juft as 
the term B exceeds 0: Thus taking all the terms 
of the progreffions two and two, each fum will be 
equal to the- laft term: C ; thereforce fince the; 
number of thefe fums will be but half the num-' 
ber of the terms, cpnfequently the fum of all the 
terms of the progreffion will be but half the fum 
of the fame i^umber of terms, . each equal to tba 
laft term C. 

1 ». If the weight A| falling in a n«i-reMing- 
medium, runs thro' the fpace AB, during 
" ^e firft minute of its fall ; during the. fe-^ Fig. 1 8*. 
cond^ it will run thro' the fpjicc BC, . 
which is triplo-thc fpacc AB»^ 



•awrniiaii' 

fart 'jf hx zmc, r wit isaiv mi ^co' « 
pa:: «f ^ feacs AS i -^am x a ae rnrd, 3! 

v:! t4f>c i^ Cax Moua at kad m txc cad< 
fte itk i 3K» cL»<n»w>, K oc w d g ^ A ■ 
ccm^ »Cf acv omcm* AM^rg ike iac^ai ■■■4 
11 v(«;. ran dvo* a ^aoe doaUe thr ^ace Al 
t&ca Hicc k dca scqaire a sew ■nrin», c^ 
tatisu Uffit dvwg (he firft miiHlc^ k wiU n 
ikn*' 2 Tjpace tnfAc to tbc fyxx ABL 

^ lathe &me maantr k axj be ftmral, tb 
Juriilj the ihvd miiNile k wiU tmn thro' lltc ^oo 
CD, wlticb u fiire lima ihc Jpacc AB ; boa 
Wbcitce we conclude, that tbe Ifaccs run dun 
wilt be in a duplicaic raiio to tbc tima of the de 
fetau, oia» tfaeklqaaKi. 

3- Tlie imprefion made hj one bo^ iqioi 
Jmother, u greaier or IcTi accordine to the motkMi 
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Demonfl. Experience teaches us, that gravity! 
continually increafes the motion of heavy bodies^ 
in their liefcent towards the es^rth. Thus ima- 
gining the firft minute <Iivided into an infinite 
nuinber of parts, we may conceive the tnotioit 
of the weight A equally augmented thro^ each 
of thofe parts ; and that having had no motion 
in the beginning of the minute, during the fecond 
part of the time, it will have tun ^ thro' one 
part of the fpace AB'; than 2 in the third, 3 in 
the fourth, fef^. We may further conceive^ that 
throughout all the parts of the fecond minute, it 
will have the fame motion it had at the end of 
the firft $ and confequently, if the weight A re- 
ceived no new motion during the fecond minute, , 
It would run thro' a fpace double the fpace AB ; | 
then iince it does acquire a new motion, equal 
to that it got during the firft minute^ it will rua 
thro' a fpace triple to the (pace AB. 

2» In the iame manner it' may be proved, that 
during the third miniue it will ruif thro' the fpace 
CD, which is iive times the fpace AB ; from 
whence we conclude, that the fpaces run thro* 
will be in a duplicate ratio to the times of the de-^ 
fcentSy or as their fquares. 

.3* The knpreffion made by one body upon: 
imother, is greater or lefs according to the motion ^ 
tbal is, (according to Def. 3 } with regard eithss 
to the bulk of the body, or its velojcity« 



COROLL. 
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COROLL. I. 

If the weight A in its fall ftrike a body at tb^ 
point C, the impreffion it will there 
make upon fuch body, will be quadru- Fig, i8» 
pie what it wauld have been at the 
point fi. Thus the imprei&ons made by a. body 
falling, increafe in a duplicate ratio of thetiaaes of 
deTcent, or as the fpaces run through. 

COROLL. IL 

. If in the room of a dead weight, we fubfiitute 
a living power, as a man's hand A, 
ftriking a mallet againft the wedge B, Fig. ]g» 
the fame reafening wilt hold good, that 
is, the tmprefSon of the mallet Aon the wedge B^ 
will be as the fpace AB* 

COROLLUL 

- It is not altogether the fame thing with refpeft 
to fprings, becattfe their force decreafes in. pro- 
portion as they approach their natural 
fixation. Thus the imprefiion made Fig- 2Q« 
by the ftring of a bow upon an arrow 
£^ will not increafe as the fpaces BB* 



COROLL. IV. 



/ 



Two bodies ecpial in every refpe£l falling by ^ 
the force of gravity from the fame height* will *^ 
make the fame impreffion on the body they Ilrike ; 
or if two unequal bodies fall from different 
heights^ if thofe heights are reciprocally as the 

fquarcs 



flares of the weights ,of the defcendlng bodicsy^ 
their impreffion$'will be like wife equal. 

CO ROLL. V. 

One body fim ply laid upon another, will make 
the fame impreiEon on it, as would another body 
fklling from above, provided the acquired veIo« 
city of the one is to the fimple motion of the 
other, .reciprocally as the gravity of the firft' to 
the gravity of the fecond. But as we know not 
the Umple motion of heavy bodies, that is to fay, 
the motion they would have if they were to de- 
Icend without acceleration, we can determine no* 
thing upon that point; 

4, If a lever' AC, without gravity, were fc 
faftened atthe point A, as that it might 
Fig, 7.1. turn upon it, and being f«-raifed^as to* 

form any angle with the horizontal- 
line AB ; if then a weight had been placed upon a- 
point D, the lever will fall towards the horizontal ; 
ithe AB, withr lefs velocity, than if tht fame 
weight had been applied at the point C, becaufer 
the lever in both cafes is fuppofed void of gravity. 

CO ROLL ART; 

If the weight be placed at the point D, it will 
aot fall with io much force as if it were placed at- 
the point. C; nor will the impreffion it makes 
upon the body upon which it falls: be fo great % : 
and therefore it is, that the longer the handte of a^j 
hjunmer i^, the greater is the force of the Uow« . 



PiLOc 
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Prop. Xt, 

7h Jpplicaiien o/thefi PrincipUs i$ feme PrciUmM 

ujeful at Sea. 

1 . With regard to Acceleraiton. 

Suppofe the anchor A fixed in the bottom of 
the fea ; to the end of the buoy-rope 
AB, fatten a block B, ,thro' which Fig. 22.. 
rteve a rope, faftenM at one end to the 
ftern of the boat C D, fo that the other end 
paiEng diro' the blocks C and D, (fixed in the 
fiern and flem of the boat,} may be brought 
aboard the fhip, which is hkewiie fuppofed to 
have an anchor out a-^flern : It will then be eafy 
to imagine, that when that part of the rope on 
board, is haulM with due force, the boat will be 
dirawh towards the anchor ) atid as the force of 
hauling is continuedi the motion of the boat wilk- 
be augmented ) when therefore Hhe boat comet 
a-pique the anchor, not being able to approach it 
nearer, it will draw the anchor with iuch force 
as to raife it ; and the cable being reooveied, il 
ipay be brought aboard* 

COROLLJRT. 

By this means an anchor may be weigh'd^ 
when by reafon of the enemies fire, a boat cannot 
be mann'd out with fafety to recover it; it being 
JO this cafe fufficient only to fend out a driver to- 
fix the blocks and rieve the rope. 
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i. Witbrifpeiluft^pinded Bodies. 

' I* Stipp^ the rope or tack AB, of which. die. 

en<i A, after puffing round a block A> ^ 
'^ig-7,^* is extended to the power F, which 

holds ity ami the other ead B^ pafiing 
likewife thro' the block B, is faftened to the clue 
of the fail! £: Laying then hold of the rope at 
the point C, it may be eafily. drawn towards D> 
till the refiftance of the (ail b to the force of the 
power D, as the fine of the angle CAD to the 
fme of the angle CDA, (by Prop. 9.) without 
obliging' the power F to give way, fuice the block 
A> againft which the rope AB bears hard, being 
immoveable, will not let it run. When therefore 
the power D returns to the point C, the power F' 
will recover part of the rope ADB, efpecialljr 
if the power D oppbfes itfelf to the power E, in 
drawing the rope towards A. Thus after feveral 
attempts the tack may be belayed as it ought. 

2« Stippofe the cable AB, one end of which is 
fixed- in the veilel A, and the other 
Fig^ 2l^4. faAened^to iheiancbor B; fuppofe ano- 
ther ihorter cable BD : It is evident^ 
that thefe two cables being fufpended between the 
two points to which thiey are fixed y the cable AB^ 
will bear hardeft upon both points, and alfo witli 
refpeflt to itfelf as being heavieft: Not with- 
fta«KHng wh4ch)t the anchor B wilt ftrain lefs upoii^ 
the cable AB, than upon the cable BD ; and the 
cable Aft will be lefs fubjed to break, or part^ 
as the feamen phrafe. \ty i. Becaafe the cable AEt 
being longer, will form a more concave figure, (by 
frap^ 9.) great part thereof will reft upon the 

ground 
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ground near the anchor; ^upon which therefore Tc 
will have lefs ftrain, and particularly will not 
raife up its rmg, as the cable BD, which renders 
it more liable to break its hold. 2. Becaufe 
when the fwell of the Tea raifes the (hip's head, 
as from the point A to the point C» or from* the 
point D to the point £, itsefFe(Sl is plainly greater 
upon the cable BD, than upon the cable BA. 

3. With re/piil U Lighters. 

1. If ati unladen {hip A, be aground ina haven, 
fbe maj eafily be floated, by placing on 

each fide a lighter or barge fo loaden Fig. 25* 
that their gunnels be brought down al- 
moft to the furface of the water, then fixing 
beams in the ports of the (hip, let them reft, upon 
the fides of the lighters, extending quite over oa 
both fides, then lightening the lighters, as they 
rl/e, they will lift up the (hip* 

2. The fame thing may be done with large 
vefleb fill'd with water, which being fattened to 
the fides of the (hip, the water being pump'd out 
will in like manner raiib theibipj as che-vdkls 
begii| to float upon the water. 4 

c 

4. With fifpea to Crones emd Putties. ' 

The uTe of Cranes and pullies is (b common, 
that I (hair not need dwell much upon it ; I 
fhall therefore juft obferve, that what obflru^g 
the force pf capftans when the (hip or boat is 
brought a- pique the anchor, not only proceeds 
from the refiftance of the anchor itfelf before it 
quits its bold, but alfo from the rubbing of the 

cabl% 



catBIc in the hawle. When therefore the anchorV 
hold feems too great for the power of ihe capftan^ 

fix a rope (or meffenger, as the feamcn: 
Fig, 26. term it) upon fome part of the cable, 

as 69 and after having brought a large 
tackle upon it, bring the fall of the tackle to the 
capftan, which then will raife the anchor without 
difficulty, not only as the tackle will have a better 
piirchafe, and will confequently augment the 
force, but becaufe the rubbing of the cable in the 
hawfe will likewife be thereby prevented* 

Remark* 

Sometimes an anchor is fo Axed or buried Itt 
the ground) that nothing is able to raife it. *In 
fuch cafe, if the tides are confiderable, they let 
tht (hip ride with her cable as much as pofliblr 
a^ptque durirt^ the ebb^ and then fts the (hip t\(t% 
with the floodi either the anchor ii »ifed| or tht: 
cable bfGdkii 

To r^ife ft yard or maft, as AB, to place it m 
a {hip, it is moil convenient to faften 
J^ig, 27. the purchafe at the end A ; for if it be 
feiz'd by the middle C, the refinance 
will be found twice as great, (by Prop. 2.) and if 
Jt be feized about the end B, which is ftill farther 
diftant from the place it is to be drawn tQ> .a ftill 
greater force muft be applied; 
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FORTIFICATIONS. 



^OflOflC^ O fortify a place, is to put it into a 
" rp 3b( condition of being defended by a few 
3a( men againft the attack of a much 
_j36C)BCjJ greater number. As the feveral rules 
laid down in this Trad: are all conformable 
with this definition. To the following Axioms 
may be looked upon as immediate confequences 
thereof. 

AXIOMS. 

I. The Fortifications of a place ought to beaa 
little extended as poffible. 

2* They ought to be as uniform as poffible^ 

3. They ought to be fe contrived as at once to 
cover the defendants, and di (cover the appiroaches 
-of the en^my, and adapted to the common wca« 
jpons of defence* 

4. They ought, as much as poffible, to be fuch 
as are eafy to build^ hard to dellroy> and not diffi- 
cult to be repaired. 

5* Each 
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5. Each part {hould be defended by as many 
places as mzy be, and liable to be attacked from 
as few places as poiSble. 

DEFINITIONS.^ 

I. The Rampart^ is a bank of earth 
Fig. I. cncompaffing the place within the 
walls, as £B£,. 

2. A BqftUn is an advanc'd part of the ranv- 
part, in form of a Pentagon, as B. 

3* The Curtain is that part of the rampart 
lying between two baftions, as £• 

4. The Moat is a large ditch encompafiing the 
place without the walls^ ufually itU'd with ivater, 
^as HF, HF. 

5. The Ccver'd Wny^ FFF, is a paflage aleng 
the border of the ditch oppollte tojthe4>lace, mxA 
is covered with a back of earth falling flopeways 
towards the cou^try^ ^ill itcoim^ to the bevel of 
the ground. This flope is called the Glaiis^ as 

G, G, G. 

6. The Pro£U of .a Fortification is the fei£Hoci 
made by a plane cutting it from the middle Af 
to the extremity of the glacis El. There are 
commonly two made, one paffing thro' the mid- 
dle of the Gurtaioj the other thso the middle of 
the baftion. 

^. to 
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, 7. In the Profile AR, fuppofed to pafs thro* 
the middle of the curtain, there are 
tobeconfidered, i. The Place of arms Fig* 2. 
M, which is a ftreet or void fpace be- 
tween the houfes and the rampart. 2. The Talus 
or Slope of the rampart BC. 3. The Rampart 
CD. 4. The Banquet or little bank D. 5. The 
upper furface, of which £ is call'd the ParapeU 
6. The Sonc face or front of the wall V. 7. The 
Scarpe^ or fteep bank of the .ditch next the town 
VR. 8. The ^^^7/ or ditch RL. 9. The 
Channel of the moat 1\ 10. The Counterfcarp^ 
or that bank of the ditch oppofite to the plac^ L. 
II, The Cover£d Way h. 12. The PaJi/ade li» 
13. The iSlacis of the counterfcarp M. ' 

8. The lines F g being prolonged to the curtain, 
ire called lines of defence ; and the 
angle g Hg, which they form, is called Fig. X. 
the fianking angle* The planes Fg of 
the baftion are called its faces \ the plumes a g its 
'Jlanks ; and the planes a B its demigorges. The 
angle of the. faces gF g is the flanked angle j the 
angle g a a, is the angle $f the flank ; the angle 
a g F, the angle of the epaul or Jhoulder ; the 
angle afi a, the ajtgle of ihe gorge*, the angle 

jBABy the angle of the center. , 

» 

P A o p. L ^ 

yj^ manner of taying doum upon paper iha Plan 
^ tfa regular Fortification. 

Regular Fortificatioils are fuch as are made 
«ipoa a regular Polygon, 

J. Meafure 
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t. Meafure exadly the circuit of the place t« 
he fortified, at about 12 paces diftant from the 
iloufes, and divide the whole circuit by "'ifo geo- 
metrical paces at leaft, or by 180 atmoft, and. the 
quotient will give the number of baftions, in fuch 
manner that their lines of defence fhall not exceed 
the carriage of a mufquet. 

2. Infcribe in a circle, a polygon with as many 
fides as the place is to have baftions ; 
Fig, 3. and from the center A, thro* the angle 
B of the polygon, draw lines at plea- 
fure, which lines are called Principals. After- 
wards take B c equal to ^ of the fide of the poly- 
gon, and BD equal to |, then draw the lines of 
defence D c, and from each point c, r^ife perpen- 
diculars, which meeting the lines of defence in the 
points E, will forhi the baftions c £ D £ c. 

This method feems preferable to all others, as 
it is the moft fimple, and makes the baftions well 
proportioned : It avoids forming the flanked angles 
too acute, or too obtufe, and gives the flank all 
the extent it is capable of. 

3* .Having thus defcribed the outward circuit 
of the rampart, draw from the angles of the (boul- 
der E the lines £M, parallel to the faces DE, 
which will meet eadi other in the principal line^ 
at the points M, and before the curtains in the 
points G, and fo will determine the outward cir«> 
cuit of the moat M, M, M, which ought to be 
rounded before the angles D, by an arch defcribed 
from the point D, having fpr its xiadius the per<- 
pendiculars D y. 



4. To finifli ifce plan,- draw wifhin the place^ 
lines parallel to thofe which form the outward 
circuit of the rampart :. i. At the diftance of 4. of 
tfie Sank, for the parapets, 2. At the diftance 
of 1 the demigorge, for the ramparts. 3. At the 
diftaiKte of 5 paces from the rampart^ for the place 
of arms. 4. At the dtflance of 16 foot within the 
rimnpart, for its' takis or fiope. 5. At the diftance 
of 5 foot, from the parapet, for ih« banquet. In* 
the fame manner, on the outfide of the moat, muft 
be drawn lines parallel to its outward circuit : 
>. At the diftance of 4 of the flank, for the Cover'd 
way. a. At the diftance of |- oif the flank, for 
the glacis; 

5. It will be cafy to* lay down' the profile, atid 
to ai)Sgn the feveral heights : Fof fup- 

pofing AR ta reptefcnt the level of the Fig. 2. 
plane ; take AB, 5 paces, for the place of 
arms BA, and the perpendicular OC, 16 foot, for 
the talus or flope B€ ; the thicknefe of the lower 
part of the rampart BR, 12 paces, the upper part 
CD to the banquet, 6 paces \ ; the banquet 6 footj 
the thicknefs of the lower part of tjie parapet DV,- 
^ p^cti 4 5 tiid upper part 2 paces \ ; its inward" 
height ED 6 foot j its outward height EV, 5- 
foot ; the talus pf the rampart GR to the moat, 7 
foot 5 and the talus of the fcarp xy, 2 paces j the 
dq)th of the moarx R, let be f6 foot; the width 
of its cHatittcl T, i5ft)0t 5 the tabs ofthecoun- 
terlfcarp a K^ 10 fobt j- the binquct of the cover'd 
way, 5 foot. 

I Jt £ M A R IC 5. 
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Formerly it was an ufual prafiice to raife at t] 
foot of the fcarp a bank of 30 or 40 foot bros 
fiielter'd with a parapet of 1 5 foot thick, a id 6 fc 
high, which was cail'd ih^ fuujfi^braiey but as fui 
pUce is too much expofcd to be of any jffi 
fervice, it is not not now ufcd, 

II. 

As the flanks are the grand defence of forttii« 
cations^they'are Tometiihts covered with an enilUm 
or an epauUment^ after different manners, 

I. Divide the flank BA equally in the point £»| 
and raife the perpendicular ED 4- <^f th 
Fig. 4. flank ; then draw DC parallel to the flank 
till it meet the face prolong'd in th 

e>int C, fo fhall you have the epaulement BCD"^ 
ut if you would have an oreillion^ from the poi 
F, where the line ED meets with the face, wit 
the difiance FC, defcribe the arch DC ; and fr 
the middle of that arch G,. with the diflance GC, 
defcribe an arch which will form the oreillion 
BCDE. 

2. Mr. Vauban*^ flanks may likewife be very 
nearly imitated, thus ^ Take BC ^ of 
Fig'* 5* the flank, and from the point C draw 
FC equal to BC, in fuch manner that 
being prolonged it will meet the flank'd angle of 
the next baflion : Farther from the point £, 
where the face prolonged meets with it, with the 
dklance £F delcribe an arch' FG, the midde of 

which 
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which H, will give you the center of the arch BC* 
Laftly, from the point D, thg middle of the line 
CA, with the difiance DF, defcribe the arch 
FK, which will meet the line of defence in the 
point K, and draw K A, which will finilh the 
flank AKFCBG, 

itr. 

I fay nothing of Ca/emaUSj which are now in 
a manner out d' ufe« 

P R O p. II. 

To lay down Outworks upon paper. 

Under the name oi Outworks is here compre- 
hended every kind of work detached or feparated 
from the rampart of the place^ advancing farther 
towards the campaign. 

I. To raife a ravelin be/ore the curtain : From 
the middle of the curtain A/draw an 
^indeterminate perpendicular, upon which Fig,. 6« 
fet oiF A£ equal to the curtain, and 
from the point £ draw lines to. the angles of the 
ihoulder, which cutting the outward bank of the 
moat in the points C, will give the outward circuit 
of the ravelin £CBC£. As to the thicknefs of 
its parapet, its covcr'd way, and its glacis, they take 
their proportions from thofe of the place itfelf ; but 
the width and depth of the ditch are but of half the 
dimenfions allow'd to the grand moat of the place; 
which obfervation is general with refped to all 
forts of outworks. 

\% 2. T» 
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2. Toereflao^tfi^wtfewiheforerfecftinl'd' angle, 

Take upon the prihcipallinc fronrr thfe 
Fig. 7, po««t o, where it cuts tfee oirt-fide of thfe 

moar^ o B, equal to* ^ of (he faee ; then 
having drawn, from the point By (ines to* the flank* 
ing angle G, produce the faces FA, till they cut thi 
bank of the moat in the points D, and the linci 
BG iiti tbepdtntfi, aad jou will^ have the exteTioi 
circuit of the half-mooo o D £ B £ D* 

3. For Horn-viarkt: Froai the middle of the 

curtain A, drav? the perpendicular AH, 
Fig. %. e<}4isd IQ ib« fidfi of the polygon N N, 
9, 10. and from the angles of the flank G, j 

draw* GC parallcfe, and equal to- the 1 
Vme ABj^ they wiH cut the ouWratA bank of the 

iMair in the points D ; then take B£ 
/j(^.8,9, equal to ^ of the curtatn, and draw 

C£, which will finiih the horn- work 
DCECIX 

Otif you like it better, taking CE 4 of CC, 
and CF 4. o£ CC, draw the perpendiculars EH 

upon) the line FF, and they will cut 
Fig^iOk the lines of defence CH \n the points 

Oi ^id ib will give the circuit of the 
JiojMi- work DFCOHHOCFD, 

Or laftly,. lrom> the point B, drawing the perpen^ 
diculars BC equal to half the curtain^ the lines AG 
will cut the outward bonk of che moat of the holF- 
iBQcin iathe poitDis B 5 then havingtaken B<t>> smd 
BE, ^ of CC, and having drawn the line» CE, frem 
the middleof them G, draw GO, and you will have 
Ibc outward cifcuit of a fwallow's tail Cl)GOGDC. ' 

4. For 
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4. For Crown-works: i. From the wigle of 
the polygon A, upon the principal line 
take AB, equal to 4 theikle of the po- Fig. i it 
lygon ; then making BC on both fides 
equaU and paraHel to cbe fidei of the poly^n^ 
draw from the angles of the flank £ the lines £C, 
whkh will cut the outward bai|k of the 4iioat in 
the points 'D. Farther, make two demi-baftions 
upon the lines, on each fide one, after the manner 
lard down in the feoond manner of defcribtiig 
a homework, (vid$ Fig. 9.) and yon will have 
tiie exterior ctrcsit of the crown-woifc DCX2H 
HGBGHHGCD. 

2. The hxfit thing mvf be done in drawing 
AB fh>m the middle of the cuftaih, 
and making the angle CBC cqial t^ Kg. t %^ 
die angle of the polygom 

« 

p R o i». in. 

Tbi Demonftratkn of the f ongoing Rubs. 

To demonftrtte the foregoing rules, let thefti be 
applied to feveral poijgons, aiod it will appear 
that they will always produce Fortificatkms cx>rv> 
formable to the axioms at firft laid down, mott 
cfpecially the following faults will conftantly be 
avoided* 

■ « ^^ 

I. It is a great miftakc in Fortifications^ when 
the lines of defence AB are two long, 
becauie the enemy may then with fafety Fig. 1 3. 
approach the point B, where they will 
fcc ill fecurity^ at leaft, frqm mufkel ibot» til) they 

i 3 hava 



[ '74 ] 

have time to thcltcr themfclves. Now, by the 
foregoing rules, the greateit length of the (nid lines 
of defence is but 180 paces. 

2. When the flanked angle ABC is too acute, 

the enemy's cannon will eafily make a 
Fig, 14. breach ; for the point D being onlv 

fuflain'd by the fmall jhickncfs DE, 
the. ball will quickly ihake it ; whereas in a 
badion lefs acute, as ABF, the point D is fuftain^d 
with the whole thicknefs DG. Our method 
therefore gives the flank'd angle as little acute as 
poflible, nayi very often obtufet 

3. It is true, the flank'd angle ought not to be 

fo obtufe jis to make the baftion too 
Jf^g. I5> Uraight, as ABC ; but in other refpeds 

they are the more fubftan^ial, and bet<»* 
ter, provided the faid inconvenience be avoided^ 
as we have done in fixing the length of the capi<^ 
tal BD. 

4« The main defence being in the flanks, they 
ought not to be too fiiort ; one method makes them 
linger than commonly they are laid down, except 
in the fquare, where large flanks would render the 
flank'd angle too acute. 
" ' ■ . • 

5. It is true, our method excludes fecond flanks 
AB, fo.much. recommended by fome 
Fig, i6. Dutch Engineers, that the face of the 
baftion CO may not only be defended 
by the fire from the flank BC, but likewife from 
the fecond flank AB. ' Neverthelefs, it appears 
to me, that the defence from the fecond flank, 
ivheie the guns muft be pointed fldpewife over a 
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very thick parapet, cannot be v^y confideraWe ; 
and I ihould rather chufe to enlarge the flank: 
BC, by the length CE, than to have recourfe to 
a Tecond flank AB. 

Prop. IV, 

Some ether Methods* 

I. 

Some Engineers (as De Vitte) divide the fide 
A A of the polygon into 6 equal parts, 
and make the demieorge AB one of Fig. 17. 
thofe parts, as alfo the flank BC ; then 
for places which have kfs then 6 baftions, thejr 
draw the line of defence DCE, which 
gives the flanked angle CDC» For Fig* l8» 
otli^r plac^ thfey defcribe tbeTemictKle > 
. upon the line CC, which cutting the principal 
in the point D, gives the flank d angle CDC. 
This method, in mj opinion, makes the baftion 
too •fmall, nor can I fee why they ibould prefer 
right angles to obtufe ones, unlefs it be for the 
fake of a fecond flank,- which I have before ob« 
ferved to be of little advantage* ' — 

' Others {z% Pdgan) begin with the exterior 
fide of the polygon AA, which they . 
divide equally in the point B; then Fig, 19. 
they draw the perpendicular BC, which 

I they extend to 30 fathoms, and after having 
drawn the indeterminate lines ACF, they fetcff 
AD 30 fathoms, and from the point D, they 
draw the£anks DE perpendicular upon the lines 
of defence EA ; and laftly, they "draw, the, cur- 

I 4 taift 



iatn EE. They tb^k^ ,^ the flanks being per- 
pendicu^ac upon jtl)cl iocs of defence, tbjey ar^ moft 
^dyantageo^ily pjaced, tbeir ^r^ being thereby 
rendcr'd more largCj and more <Ure^ : Neverthc- 
lefs, I cannot prefer thefe ibrt of flanks to tho/e 
commonly ufed, bec^ud^ fiiey |ire more expofed to 
the enemies batteries, without any poffibility of 
flieltcr. 

ill. 

,. There are fpQie Engineers 9^))Qp ^e ^ of the 
Ade of the pplygon to the 4en>igorge } bift i^y ilfis 
m^sms the flas^) and confequ.e|itJy the i^fepcf^ 
becomes tnufh iefien'^i : flpweviei' % dp no)t Xicgp^ 
^ in*H»n«r ip S^^wn^ f Uoyc tUc :^agpp, 

• , 

Others^ to mtiifi iun^9 /or what m sriatiflg 

in flank Vy the fo/egping iietliod» 

/j(f . CQ* make a Hank in ibe mijidk of t^. faor, 

aad ibn»etimc^ t^i^a $^ biU the ftcie ja 

There are alfo fome who wouU ]iav« the 
ballions detached from the place, and 

F!g. %!• feparated by a ditch, the nxore eafily to 
obf^ruf} the prpgrefs pf th^ f n^o^y ^fter 

he has tak/en f hp )>;|i|ion«. 

VI. 

Others are Ibr making the baftions of the place 
e^treamly fmaJl, and then fiirrounding 
Fi^* 23. them with other detach'd baftions, which • 
ought nevertfa^e^ to be commanded by 
the fiifft. 

Prop. 
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7i compute or cakulati Fortifications ^ 

It is of great importance, after having traced 
out Fortifications upon paper, to bring them Co a 
computation, tbat4S, to find the lengjthof ait the 
lines and the value of all the an^es, which will 
afFord much help to the laying them down after- 
wards upon the ground, 

I. For the greater exa&iefi, we begin by vtrxJL^ 
tlplying the ftde DD of the p<^ygon by 
I go; then cutting oiF the twolaftfi- Fi^, 74» 
gures of every number found, the two 
figures fo cut ofF, with the denominator lOO, will 
form a fraAk>ii« 

2« lo Che triangle ADD the angle A marf be 
known, by dividing 360 by the number of (idea 
in the polygon } then dividiag the fuppkntcnt of 
the angle A iMo two equal parts, ywt will find 
the two angles D, which are eqind ; after whkft 
fay, (by Trig. 13.) As the fine of the attg^Ai 
to the fide DD : : ia is the &neof the ai^ Dx 
tothefide AD. 



3. In the triangle DEB, th|e angle D 
known, (by the prrcoding, as a)fo the fide BE, 
which is^ of the fide DD, (by cOn(lru£^.) and 
the fide DB, which is 4 of it, the whole triangle 
DEB may be refolded, (by 7rj^.-i3.)by which 
means will be found both the ang}e B, which is 
4 the flanked angTe^ and the line of defence BE, at 
alfo tbe angle £. 

1 5 4.1fl 
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4. In the triangle KCE^ re£langular at the 
point £ of the line. CE, (by conftru<Sl.} the tide 
£E being known to l)e -f- of DD> and the angle 
£ to be right J you' may refolve the triangle £C£ 
(by Trig. I2.) by which you will know the flank 
CE» and the line C£ oppoiite to the right angle, 
which being fubtra£led from the line B£, will 
give the face BC : You will like wife bv the fame 
means know the angle of the ihoulder £CB. 

5, The foregoing rules may alfo be eafily ap- 
plied to outworks. The following calculation is an 
example of an heptagon, whofe fide is fuppofed 
equal to 170 fathoms. 



7T^€ computation of an Heptagon^ 



LintSi 



Inward fide 
Radius — « 
Demigorge 
Capital 



Curtain •— 
Line of defence 
Flank — - 
Face — -i — 
Outward fide 



170 
196 

34 

57 
102 

168 

3^ 

61 



Fathoms | Angles* Deg. A£in 
Angle of the ) 
center J ^^ 

Angle of the 1 
Polygon, or > 128 
of the gorge 3 
The flanked I 

angle f "^ 

The flanking) ,^. 
angle * } '+5 
— 2i8 j The angle of i 
I the flank ( 



*S 



34 



36 



107 28 
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Pr o p. VI. 

To traci aui irregular Forti^adons upon paper. 

Irregular Fortifications arc fucb as are raifcci 
about irregular polygons: But in thefe irregular 
works, we muft follow, as much as pofTible, the 
proportions laid down for the regular ones. 

S 'E C T. . I. 

Of irregular Bajiions. 

T. As Bafiions ought to be fo built that thefr 
cannon may fwcep the furface of the circumjacent 
campaign, if they are found too high for that 
purpofe, let a fecond baftion be added 
beneath the firft^ or even a third, if it Fig* 2^* 
is neceflary, ftiH taking care that their 
faces be well defended. But if a ballion is too low,^ 
raife a cavalier upon k. A cavalter is a m^is of 
earth, well beat, of about 26 fathoms sadius, whoHt 
center is commonly placed in that point of the bafii* 
.on where the defences meet ; it is commonly made 
two fathoms high,, and with a talus of 7 K>0ti, it 
ought alfo to have a parapet of 3 paces broad, and 
6 foot high .;. it. may be, made of any figure, b^t 
moft commonly is formed as the baftlon. 

It will fometii!ties happen,': that the faces 6t x 
baftion'would become exceffive long if . 
they were to be e;xtended till they meet ; Fig. 26* 
in fucb cafe, they are ufually c;loied with 
a returning angle, the manner of fortify ingvvhicb 
ihaU be hereafter laid do^n^ 

3. If 
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3' ^f ^"® ^^^^ ^ *c polygon, as AB, 
//>• 27. is toQ loji.g, it n\ay be remedied feyeral 

ways 1 I. If k be long enough to a^niit 
£ig. a8. a bsftion in the middle, ^et onp be 

raifed, as Q, 2. ff it is not long enoi^h 
to admit fuch b^flion, it will be proper to form* a 

falliant angle, as A C B, 3. Or the 
Fig. 29; baftions oh each fide may be advanced 

nearer each other, and both intirely 
form'd upon the Vtne AB. 

SECT. 11. 

Of returning Angles. 

They ought to be atoided acf much a$ pelSbfo $ 
but if the ground obliges you to h^\fe recourf^ to 
them, they may be foi^ified after one or other of 
the following methods : 

I. Suppofe the returning a^e DCD, wiiieh 
]% not bbtufe ; t^e C£ and CE, each 
Fig. 30. of 8. or 10 pa^es., and baVrng dvawn 
the perpendiculars £F of the fan>ekngth 
wit^ the lities FG, you will have the extierior cir- 
cuit of the tenail work DEFOC 
Fig* 3i* G:F E iX; to which majr be added 
> za oreiUion. 

2. Inftpad of the fiicei GC, may be 
Fig. 3i« dfawif G G : Oc, from tlie point C, 

wft]i the diftaoce €£, defcribe the ar^h 
Fign yi% £GG£, in order to raife a work of 

firength, 

^ 3. If 



I 



3. If the angir DCD is phbufe, take CG cf 
25 fathoms, and of the fame length 
draw the perpendicnblfs CH ; To fha]l Fig. 33, 
the line HH finiih the outward circuit 
ef the platform DGHHGD. There ma^ he 
aUb sid(^ breillioBs cur epaukments upon tbe 
Jwka Gil. 

SECT. III. 

Cjf fydans. 

When a long extended fide of a place cannot 
admit of baftions, by reaibn it is cut off by a river, 
orftands uppnafteep afcent, U niay be fortified 
with Redans. Suppofe, for example, 
the fide of a .place AB4 divide it into Fig. 34* 
parts of 40 paces or fathoms each in the 
ppintjs Cj thea draw the perpendiculars CD of, 
4- or 5 paces, and the oblique lines CD will finifh 
the, exterior circuit of the redans ADCDCDB, 
.tp wblcb iQ^ likewiie be added oreilliQn?* 

s ? c T. ly. 

0/ Triangles. 

There iis fe}dom any occafion of fbrti- 
fying triangles ; however, the beft way Ftg. 35, 
of doing it,^ is wj^h t}afiip9$» with liE^tjwinT 
in^anjle^* ' • 



SECT. 
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S EC T, V. 

OfCltadeU. 

I. The Fortifications of Citadels arc of left ex- 
tent than thofe of the towns themfelves, the fide 
of their polygon feldom exceeding 80 geometrical 
pace9. 

a. They ought intirely to command the places 
they are intended to defend ; fo that the place 
itfelf fliould lie open on the fide next the 
citadel. 

S E C T. VL 

Of Sconces. 

Sconces are little forts, which ferve to. defend 
camps, the lines in a fiege, balteiies, bridges, l^c, 

1. Redoubts are fquare works, one angle of 
which points towards the enemy ; they oui;ht to 
be about 40 paces in circumference ; their rampart 
16 foot thick at the bo'ttonii; their talus and their 
height 5 foot ; their parapet 5 foot high, and 
8 thick ; the whole, ought to be co'mpos'd of 
tarth well rammed, and fafcines \ their ditch (hould 
be 18 foot wide, and 6 deep. 

2. Star Forts are thus made ; fuppofe the 

radius of the polygon A A to be no or 
/??• 36. 115 paces, divide each fide by the 

perpendii:ulars BC, then making BD 
one third of 3C, draw the lines AD, and you 

will 
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Will -have the exterior circuit of the little fort 
BAD, for Che reft is much the fame as in re* 
doubts. 

SECT. VII. 

OfoldPlaceSy CaJlleSy Bridges and Camps. 

1. As to places fortified after the antient man-^ 
ner, all that can be done, is to add feme out- wo i ks, 
as ravelins and horn-works, before the towers and^ 
the curtains. 

2. Caftles are encompaflfed with a moat and a 
faufbras of earth well beat, with a kind of baftions, 
whofe magnitude muft be determined hy that of 
the cafUe. 

3* Camps are alfo fortified with ditches, the 
earth thrown out of which ferving to make a 
kind of rampart, with a parapet circumfcribing 
.the camP) an^ caft .up in fuch a figure as may beft 
defend the feveral parts of the rampart; redoubts^ 
and ravelins, i^c, are alfo commonly added. 

4. Bridges are fortified with ravelins, and 
crown- works, extending from each fide to the 
river. In one word, all other pofts wWlfii are to 
he fortified with expedition, muft be fecured with 
fuch kind of works; care being always taken that 
every fide be well defended. 
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Prop. VII. 

Of Marine Fortifications, 

Though Marine Fortrfications have nothing 
peculiar kv theoi's yet itsaayxiotbe improper to 
give- the following direfiions with relation to 
b;itteries* 

I. 

In raifing batterifs to*" hinder a defcenl:, care 
fliould be taken to difpofe them in fuch places 
iviierethe defcent is moft eafy, as in plates where 
the fea has -a dear bottom, the road large aad 
iafe^ and tl|e fliore not fteep, the guns upon thefe 
batteries (hould be fo tevell'd, as to fcotir ^e (ur- 
face of the water, and brought as near as poiHble 
to the edge of the^ fiiore, that thej may fire 
>f&dually \iport tike finall boats » they approach ; 
yet tkugfat the battery to be fo elevated, a& to di|^ 
coVor the enemy at a diftance* 

IL 

It is likewife convenient to have batteries to 
play upon (nch phces where there is gopd an* 
chorage, and thefe batteries flbould he fennevkaC 
more elevated, becauie a caonon, which commaafb 
the deck ol a veflbl, is more terriWe la the ciew ; 
acid befides a buHet which enton a Ihip from 
above downwards, put& her into the g^eateft. dag- 
ger of finking. 

III. 
It i& alfo neceflary to ereA batteries at the 
entrance of roads 3 but they muft be fo made 

as 
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as to difcover ibips at a great diftance ; fome of * 
tteir guns ought to be very «i«ch elevated j but 
at ttic iame time they (hould have efthers raifed 
«n}y 12 or 15 foot above the level of the ground ^ 
4o fire upon fliips as tfaey approach the ihore. 

ly. 

It is of the utmoft importance to plant batteries 
iR^hicb may command the andhorage of roads and 
ports, to the end that the enemies feips, after hay- 
h)g p^faf'd the fire of the entry, may not remain in 
hktj^ IJpon extraordinary occafions, they fomc- 
iime ^okftips in the middle of road^t a;kl raifefc* 
rera! batteries at proper diftanccs^ The fame thing 
^m^y hi^ dpne at jth« entry of roadsi 

y. 

' kis very neceiTary that tbef^ forts oft^atteries 
Aould be defended by fome works ag»nft attacks, 
and {hould, if poffible, be under the fire of the 
place» ^t leaf): tbe^ ou^ht. not to be tog far ad- 
vianced. 

Remark. 
% 

I fay nothing pf the manner of befiegvng or dc- 
: Jesidiflg a ^cc, or of the drawiAg up an army^ 
thefe being things which depend inor« ^on expt- 
lience and* good fenfe, than on mathematics. 

Prop. Vni 

To trace out FsriificatUnsHp(mth^Qr^*tnd% 

I. Having exaSly confidercd all the parts of the 

fUn. fiark the point where you ought to begin, 
y there fixing a piquet. 

2. If V 
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2. If the determined point be the center of the 

polygon A. extend the cord AB to the 
Fig. 37. length prefcclb*d in the plan ; give alfo to 

the fides BB their proper length, and thai 
will determine.the angles, and forih the polygon. 

3. If the determin'd point B is the angle of the 
polygon, from the point B extend the cord BF, fo 
that the line BF may tend dire<Elly to the center of 
the polygon, then extending the cord BB to the 
lengdi required for the fide of the polygon, by the 
help of your inftrument, fet off the angle FBB as 
the plan direiSIs ; in the fame manner muft be laid 
down the fide BGof the polygon, according to its 
required length, and fetting off the angle FSG as 
before, &^. BF in proceeding thus witb each fide 
of the polygon, the laft clofesthe figure, the^o|fpe« 
ration is right ; but if it does not dofe, you majr 
eafily corred the deficitncy. 

4. The po]]^on bemg thus traced out, fet off the 
demigorges BC, and the capital lines BD, and 
having ^rawn the perpendicular CE for the flanks, 
take notice if the points DEC are in the fame line, 
which will ferve to cortcS any error that may 
have happened ; thus will the baftions C£D£C 
be exadly traced out, 

5. Purfuing tjie fame method, you will eafily 
accomplilh the whole plan, ftill ferving yourfelf 
with the principal lines and perpendicul^s drawn 
by the middle of the curtain. 



Pr Of. 
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Prop. IX. 

To put your Plan in Perfpe^ive OrthographUally. 

1 . Having laid down ycyr plan with all the lines 
which ought to mark the thicknef^, draw 

from each angle A, the vertical lines AB Fig, 39' 
of Rich length as each point A ought to 
appear ratftd above the level of the ground, then 
drawtns the lines BB, and obfervinj; all the lines 
AB and Bfi» which ought to appear, that is to 
fay 9 which are not loft in any thicknefs, or hid be- 
bind any body, fo will your plan appear raifed* 

2. If you would exprefs the talus, take the verti- 
cal lines BC of the length of the talus'-s height, and 
draw the line CD of the length of the talus, and 
from the moft convenient fide, and the lines BD 
ihall exprefs the talus, 

3. To finiih the perfpeflive, we muft fuppofe th» 
light to coine from one iide, and leaving the faces 
oppofite thereto without (hade, give a greater or 
lefler fhadowing to the other faces, according as 
they more or lefs are diftant from the fide whereon 
the light diredly falls. 
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|HnM{ T is not the dcfign of this traS t« offer 
51* T "R every thing neceflary to he known con- 
f/L ji cerning Artillery ; But only fuch things 

^ jl{ in that Art, a« have a more particular 
dependence oa the Mathematics. 

DEFINITIONS, 

1. Suppoie a cannon and its profile to be AB, tta 
cavity or chafe will be BL, its mouth or - 
muzzle B, its bneech or coyU A, its plat- Fig. u 
band £, its vent or touch-hole L, its firft ' 
re-inforcementi, its fecond re-inforcement F, its 
trunnions Gy its dolphins H, its vacant cylinder. 
GB^ its aftcagal D, its neck C, its face CB.. 

2. The calibre or bore of a cannon is the bigv 
nefs of its mouth with reipe£l to the ball or bullet 
it-may receive. 

3. Cannons are diftinguifhed^ with regard to 
their length, and- borev into three k.inds, viz. a 
CannoHy a Cuhirincy and a Mafiard Canmn^ 

The 
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The cannon has a length in a certain proportion 
to its bore ; the culverine has the (ame length, 
but its4}ore is only half the tiiameter of the bore of 
the cannon ; the baftard cannon has alfo the fame 
length, but the diameter of its bore is a mean be- 
tween that of a cannon and a culverine. 

4« The faulcon and faulconet, are fmall can« 
nons, the firft carrying balls but of lo pounds^ 
Che other ^ut df5. 

NotCj For fea-fervice, they ufe cannons of diffe- 
rent bores, that is, carrying balls of different weights, 
viz, 4, 6, 8, 12, i8, 24) and 36, pounders, bccaufe 
culverines would be too troublefome upon the 
decks of (hips. ♦ 

5; Canpons are again diftinguifhed, with refpcA 
to the richnefs or thicknefs of their metal, into 
three kinds, viz, l\it Double fortified^ the Legiti- 
mntey and the Ltjfened : The double fortified have 
above nine times the diameter of its mouth in (he 
outward circumference of its breech ; the legiti- 
mate has precifdy nine times, and theleflened lefs 
than nliie times. 

* 6. The carriage of a cannon ferves to fupport 
Jt I to turn it to the right and left, and to raife 

or deprefs it. The carriages ufed in 
Tig. 2* ihips are very fit for all thefe purpofes, 

as Fig. A, of which the wheels are 

feldom 

* The Cannon ufed by the Englijh in their fea-ier- 
vice are of che following calibres, that is, carry balls 
of the following weights, <vf».~i|, 3, 6, 9, la, i8| 
and 24 pounds. 
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a more than 8 inches radius ; B reprefents 
|id wheels, C the fore wheels, D the bottom 
f carriage, A the fides or brackets, E the 

>r the trunnions, F the axletrees of the 
is, G the holes for the lafliing-faft or fecUring 

:e. In the land-fcrvice, they are obliged lo 

k their cannon upon carriages, better adapted 

iwing them, having wheels of two or three 

tius, as Fig. H. 

SUPPOSITIONS. 

general laws of motion are here fuppofed, 
lief of which.are laid down in the beginning 
tra£t relating to the working of a ihip, and 
others are here annexed. 

A body in motion cannot communicate more 
»tion ths^n is in itfelf. 

i There are but two ways that motion can be 
lov'd 5 I. When the moving body meets with 
iDbttacie it Cannot overcome. 2. When it re- 
^cs a new movement contrary to its former di- 
Mon. When motion is deftroyed by an obftacle 
^nnot overcome, it is intirely aeftroyed at once j 
when it is overcome by a contrary movement, 
only deftroyed in proportion to the quantity 
fuch contrary motion. 

K When one body in motion meets another, it 
imunicates to it, if it can, ^ force neceffary to 
it in motion with an equal velocity with it- 

If. 

i 3 4. When 



[ 19^ r i 

4. When one body m motion meets atfotlher bo- 
dfy i% recaives fyop it a contrai^ movement equal 
tx> tfhat it eomrafunicatesv 

5. When a moving body lias two contrary and 
eqiial motions, if it is imirely at liberty to mcwe iN 
felf by their directions, the two.feveral ihotionar 
will deftroy each other, and ^e body wiU remiiin^ 
immoveable ; but if the body cannot obey the di- 
rection of the one, that motion will be deftroycd, 
and the other will remain intire. 

6. If a moving body has two contrary and eqoab 
motions, and being, at Uberty to follow the diTeftion- 
of the one in its full vdociry, is not at liberty tot 
move according to the direSion of the other, but 
with a part of m velocity, this fecotld motion will 
dedroy a part of the other, in propoitton Ix^its owiV 
velocity, and will itfelf be intirely dedroyed. 

N0U9 The foregcMng. laws of motion demoa* 
firat^ tbemfelves by continual experience, 

P R P. L ^ 

7Jr Pr€farti9«s of iht ftveral Parts^ rf a Cafm$9u> 

The proportion of the parts of a Cannon depend 
upon fo many circumftances, that experience ferves 
fAuch better to- determine th^m, than any flated 
rules : So that I (haU content myfelf with giving th^ 
following tables, wherein 1 have inferted only the 
proportions of fuch pieces, whofe calibres are cqm*^ 
mon both to the Punch and EngUJb ufage. 

P R O- 
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Prop. II. 

Of the Cavity or Chafe of a Cannon. 

■ " 

The Chafe of a Cannon ought to be rxaftly 
in the middle, it ought to be equal throughout, 
and without crevifes or honey-combs. 

I. Whether the chafe be perfeflly in the midcffej 
may be tried by a cylinder of wood ABC, whoie 
part AB is equal to the cavity of the 
cannon, and the part BC equal to its Fig, 3. 
outward circumference. Let the cylin- 
der AB be put into the cannon, and applying a 
rule all round upon the lines BC parallel co the 
axis of the cylinder, you will fee if it exadtly 
agrees with the outfide of the cannon. 

' 2. Whether the chafe be equal throughout may 
be known, by applying rulers to its inward ftdts ; 
for if the rulers are parallel, 'tis a iign the inward 
fides of the cavity are fo likewife, and confe- 
quently that it is equal throughout. This equality 
of the cavity does not exclude the chamber, which 
may be made at the bottom of the cannon, as 
will be mentioned hereafter. 

3. To know if a cannon has crevifes pr honey- 
combs, after having fired it twice or three times 
with double charges, they ufea fort of rammer 
armed with flexible points, which clofing towards 
the rammer^ in thrufting it into the ' 

cannon, extend themfelves, and enter- Fig* 4. 
ing into the crevifts, remain there upon 
a forcibledrawing it back. Another way of try- 
ing, is by applying a looking-glafs A^ Fig. 5* 
to the mouth of the cannon, which 

K2 will 



-I 196 ] 

will reprcfent very plainly the oppgAte iide BC, 
;and fucceffively all the reft, by changing the pofi- 
tion of (tie cannon, and confequentiy rfaecrevlfes, 
if there be any, will appear* 

Prop. HI. 

Cy the Out fide of a Cannm. 

Whh refpe£l to the outfidfe of a Cannon, re- 
:gard muft be had, i. To the force of the powder 
•and ball. 2. To the paiallelifm of the fight and 
the chafe, j. To its beauty and conveoiency of 
oxiovemenc, 

1. A cannon muft be ihickeft towards the 
breech, bccaufe the force of the powder is there 
^greateft, neverthelefs its mouth muft be alfo 
^rengthened with rings, left the bullet, in going 

out, ihould fplit the edges, not being of the fame 
4hicknefs of metal. 

2. That the greater thicknefs of metal at the 
1)reech than at the mouth of the cannon, fhould 
not hinder the fight or aim, by . preventing its 
parallelifm with the chafe or cavity, a button or nob 
ihould be rais'd upon the upper part of the muzzle. 

3. The other parts of the outfide of a cannon 
ierve either to its ornament, as the carving, the 
devices, and infer! ptlons ; or to its movement, as 
the dolphins ^nd the trunnions. 

L £ M M A I. 

' Sappofe the reSangular cylinder AB, 

Hg* ^, whofe bafes A B are circles ; I fay 

that all the furfacesof the cylinder 

3 parallel 
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parallel to thebafe A, as C, will alfo be circlet^ 
equal to the fame bafe A. Imagine A B the 
axis of the cylinder, and the re£langle parallelo-- 
gram ABDE, in turning about the axis AB, to 
have formed the cylinder^ 

Demonfl. Since the furfaces A and C are paraF* 
fel, the feSions CF, AE, will be alfo parallcll 
(by i6. II of EucL) and the figure ACFE wilt 
be a parallelogram, whofe fixies AE, CF, will 
be equal ; m the fame manner it may be (hewn,, 
that the other radii of the circle A are* equal to 
the radii of the circle C, which anfwer to them^ 
and confequently the circles A and C are equak 

Lemma IL 

In the re&angular cylinder E, fup* 
pofe I circle parallel to the bafe E, Fig^ 7; 
having for Us center B ; if from the 
point A of the circumferenf^e of the faid circle B^. 
he defi:ribed a kind of a circle upon the concave 
Itirface of the cylinderj^ it will cut the circum*- 
ference of the circle B in the point C, and the 
angle BAC, which th^ r%dius AC makes with the 
radius AB, will be lefs than any other angle,, aa^ 
BAD, which another rad'uis AD lefs thap AC, 
would form with the fame radius AB* Suppofe 
the line DF parallel to the axis of the cylinder, and 
perpendicular upon the plane of the circle B, then*. 
draw BF, BC, BD* 

Demonjt. In the triangle BFD, the line ED^ 
oppofite to the right angle BFD, will be greater 
(by 19. I.* Euch) than BF, or BC ; and (face in 
the triangles BAC, BAD, the fides BA, AD> 

K 3 are 
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a>e equal to the fides BA, AC» the bafe BD, 
which is greater than BC (by i8. i,.EucL) will 
make the angle BAD greater than BAG. 

Lemma III. 

Suppoflng, as in the foregoing, a plane to pais 
through the point D, and the line AB 5 the line 
DD will be greater than CC- 

Demonft, In the triangles DAD, C A C, 
which have the fides A D, A C equal, the 
angle DAD which is greater. than CAC (by 
the prec.) will make the line V^M greater than 
CC (by 19. I. EucL) 

CO RQ L LA RY. 

If the line CC is the leaft of thofe, <vhich 
paffing through the line AB, are determined by 
the circumference of the circle A, the triangle 
CAC is infcribed in a circle equal to the bafe 
E of the reSangulaj cylinder. 

Prop. IV. 

Of the Calibre^ or Bore of a Cannon. 

I. The calibre or bore of a cannon is known 
by the diameter of its mouth, the cube of which, 
in comparifon with the diameter of a ball of one 
pound, gives the calibre of the cannon. Thus, 
when the diameter of the mouth of a cannon is 
double to that of one pound, the cannon will be 
an eight pounder ; if triple, a 27 pounder j if 
quadruple, a 64. pounder, £f r, 

2. To 
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2. To find the qalibre of the cannon 

B, open the compaiTes A as wide as Fig. 8« 
they will ftand in the mouth of , the 
cannon B. 

* • 

3. But if it be required to find the calibre from 
the part A of a cannon ; from (bme 

point A, defcribe a kind of a circle Fig. 9* 
upon the concave furface A, and taking 
the (horteft diameter BC, by extending the com- 
pafles croiTwaysy as in the figure ; then upon the 
line EF, equal to BC, form a triangle with fides 
DE, DF, equal to the radii AB, AC ; this 
triangle being infcribed within a circle EDFO; 
willgive DG the diameter, of a circle equal to the 
n^outh of the cannon, of which A is a pie<;e, (by 
Lem. 3.) 

4. It would be convenient to have a rule, as AB, 
for meafuring the calibre of cannon, of which 
the part AC being the diameter of a 
cannon of one pound) AD will be the Figi lo. 
diameter oF one of 4, and AE of one 

of .8 pounds ; fo that by applying the diameter of a 
cannon to the rule, you will at once fee its calibre* 

Note^ The rule for meafuring the calibre, is 
divided in the fame manner as the lule for meafur- 
ing folids on the Senior, jor Compafsof proportiop. 
(vide Jpp^ndix.) 



K 4 Prop. 



Of the Bullit. 

A Bullet is commonly made of a foHd globe of 
lx6n. 

1. ft is madb of a fpherical figure, as the moft 
proper to receive, keep, ^lid communicate motion. 

2. tt is made of iron, as being a metal of fuf- 
ficieot hatdnefs and weight, and of which there is 
a fufficient plenty, 

■ . 3. It is nriade foFid, tiecaufe a hollow bulkf 
wbuld be H^l>le to the lame refinance from th^' air^. 
and the body it (Irikes i but would want ttit fdf<:cr 
which Iblidity gives it. % 

P « o P. Vt. - 

'. 6/ ^' tatSi't' if tb^Suiiei, 

I. The calibre of a bullet \i in the fartie niah- 
nef Icnowh by its diameter takenbet^^^eii the points' 
of a pair of Callipers, or curve-legged compafies, 
tRe cube of which diameter, with refped to one of 
tfi^ il^el^ht of one pound, gives its calibre, and 
the pr6pdition is the laihe in bullets as in cannons : 
only it ought to be obferved, that the diameter ot 
a bullet^ought to be lefs by two lines, than the di- 
ameter of a^ cannon of the fame calibre, that fo it 
may enter qafily. 

•2 Oil 
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2. On the ether hand, we know the diameter- 
of a bullet by its weight, or calibre ; for thecubis. 
root of its weight being divided by the cube root of" 

• the weight of a bullet of the fame metal, having: 
unity for its diameter, gives the diameter required*. 

3. This fliews a new way of dividing, a rule; 
for, taking the calibre. For let A8 re- 

prefent a rule, of which the part AC is IHg^ ip», 
the diameter of a bullet of one pound 
weight ; let the whole rule be divided into 1 000 » 
equal parts, of which let AC be io,,tben adding 3^^ 
cyphers to the weight of each bullet, extract the 
cube root, and you find the number of parts anfwer- 
ing to tbe diameter of.each bullet, almoft to^a-. 
thoufandth part. For example, if you would mark, 
upon this rule for the calibre, that of a buliet of 24* 
pounds, adding 3 cyphers to 24, which makesv 
24000, the cube root thereof, v/z. 29, gives the- 
diameter of a bullet of 24 pounds. After wbicl\« 
manner was compofed the following, table*. 

Weights of Bullets in Pounds* 

I % 46 8 12 i8 24 36 48 64. ioOj 

• •• • •• •• • • •• •. •' 

• Number of Parts in their Diameters. • 

10 13 16 18 20 23 26 29 33 36 40 46 

4. To find the diameter of a bullet, of which « 
iVe have only the convex past A ; on the point A,> 
as a center, defcrib^ a circle upon the convex, 
furface A, and having taken the dia-f 

meter BC with a pair of callipers, then Fig. ix«. 
upon the line £D equal BC^ niakea. 

K5, triangle^, 
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triangle with the fides FE, FD equal AB, AC, i^c 
this triangle in the circle EFDGr the diameter 
of which FG, will be the diameter of the bullet. 

Dsmonji. The plane of the triangle ABC pafling 
through the pole A, and through the diameter BC 
of a circle, will pafs through the center of a globe 
(by Prop. i.Sph. Trig.) therefore the triangle ABC 
will be infcribed in a circle, which will pafs throug|i 
the center of the bullet, and confequently wilt have 
for its diameter that of the bullet. 

Prop, VII. 

. Of tki Caufe of the Motion of the Bullet in a 

Cannon. 

LetAB reprefent aCannon, whereiA 
Fig. 12. the powder takes up the fpace A, and the 
builtt the fpace B; when the powder 
takes fire, it will rarify the air and fill a larger 
fpace, as AC, and thrufl the bullet from B to C s 
from whence may be obferved, 

1. That the fwlftnefs of the motion communi- 
cated to the buUet by the powder^ ought to be 
meafared by the line AC, the length of the fpace 
gained by the powder in firing ; becaufe in the time 
of thepowder's firing, the bullet is forced with the 

velocity AC. 

« 

2. Whether the powder is inflamed fucccffively, 
or all at once, the bullet receives an equal velocity, 
fince il all takes fire before the buUet goes out of 
the cannon. Fdr if at the firfl infiant only half 

' the powder (hould take fire, inftead of 

fifl. I a. gaining the fpace AC» it will only gain 

AD, and consmunicate to the bullet 

» only 
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only the velocity AD ; but afterward as the reft 
takes -fire, it will communicate a fecond vjdocity 
- equal to DC. 

Or it might have been thus. 

1 Let AE rtprefint a Cannon^ wherein 
the poiixler takes up the /pace hj and^ is^ Fig.* i2. 
the bullet ; the inftant of the powder ta- ^ ' 

king fire <i ike [fia^e by expanding the air will with 
great force prefs the bullet forward^ and fill a larger 
jpace:^' as AD, AC, or even AE the whole bore | 
Jrom ^whence may be ohferved^ 

1 . T^hai thefwiftnefs of the motion given to the hul* 
let if by the inftantaneous expanfton of the air in the 
fired powder ^^ and that fuch jwiftnefs continually in-* 
creafes^whitjithe bullet is moving the wholf length from 
B to E, i/thfg expanfton of the flame is of force fuffi* 
oent to prefs out the bullet ^ if placed at reft in E. . 

2. T^at the height of the charge of powder Jhould 
ke proportioned to the diameter of the bore and length 
cf.the cannon^ as a heavy bullet will require a greater 

force to give it -a velocity equal to a lighter in propor^ 
tion to their weighty and if the length of the cannon 
is increafed^ the expanfton of the flame muji be in* 
creafed^fo as to prefs the bullet for the whole lengthy 
or elfe the length will ditninijh the carriage ofthf 
bullet. \ 

J. That the increafe of the weight of the bullef. 
J?elps to the continuance of its velocity, as it has 
thereby the more force to overcome the objiacles it meets 
%vith\ 

4. Ihat 



^ 4. TZtfV ibi incfiafi oftU toti^t>i of^h MletSt^ 
minijbes tht ixpanfion of the flame ofihefowdir ; fi^ 
though the bullet has not any contrary motion^ yet as it 
muft receive its whle motion jfrom/uch eitpanfiony ,it 
fvill^ in refiftance thereto^ communicate a contrary mo^ 
tion to that it receives ^ aHd Juch contrary vktkn in^ 
4lhhfn in pr^orttok to the weight if the huUet. 

CO kO h LA R I E i. 

* 

Y. If two equal bullets, A and ]^ art 
Fig. 13* thrown out of equ'd cannons, their 
, . velocitijcs will be in the fame propor- 

fibtis a'^ t^ quantity of powder in ilie one and the 
^tt)er cannon, ilnce tlie fpaces AG and BD will bt 
fn the fame proportion as the fpaces A aikl B. 

2. If the bullets AandB, of different 
Fig. 14. calibres, be thrown out with charges 
proportional to the cubes of their depths, 
their continu^ velocities will be as the cube rdots 
6f their calibres, firice the lines ACandBD ihcreaik 
iii the farne proportion as theciibe roots trf" the 
qiiancities of the charges, 

3. It will be eafy to determine theproportioirof 
velocity betwixt bullets of different calibres, whofe 
TeVeral charges are determined. For i. If the 
charges are proportioned as above, their continued 
velocities will be as their diameters. 2. In dimi- 
nilbtng or augmenting the charges, therr velocities 
are diminiOied or augmented in the fame pro- 
portion. 

Mr. Robins, in his new principles of Gttnnery 
(bereafier mentioned) provei tbat all the powder of 

tU 
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Ae charge isfand^ before the ialUt hfenptty meveet 
from itspbne i mid ^er determining tbeforce cfoup 
gOTkmment gun- powder^ gives rules (that huve rela^ 
tion to the length and calibre oftbecamnon and bullet} 
for finding the velocities given by different charges 
io ail finds rf bullet Sy dnd the charges that will give 
the greaieft velocity to the different Unds of eanmtt 
and bullets. 

Prof. VIH. 

Of the Chamber J where the Powder is placed in 

a Cannon. 

« 

1. The chamber A ferves to inflame fig. i5» 
H greater part of die powder \ for the 
powder A taking fire hi the middle, is forced 
ggainft the bounds of the chamber^ from whence 
it is reverberated a^Inft the fire. 

2. Neverthclefi, chambers are feldom piade, in 
cannons, becaufe they would thereby be rendered 
more difficult to be charged and difcharged, and 
after firing oftentimes, fome of the fire would 
remain, whkh would be dangerous to the 
Cannoniers. 

P R O P. IX. 

Cf the length of a Cannon^ 

I. It is certain, that the length of a qannoti 
diminifhes the, motion of the bali^ by its rubbing 
againft the iides in paffing. 

a. The 
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2. The length of a cannonTerves to augment 
the motion of the bullet, becaufe it gives time to 
the powder to take fire in a greater quantity be- 
fore the ball gets out. 

3. Experience only can determine the length of 
a cannon, becaufe its effect depends upon cei'tain 
circumflances, which cannot be exadly known ) 
as the quality' of the powder, the refiftance the 
bullet finds in rubbing, i^r. 

P R o P. X. 
Of the charging a Cannon. 

I, Tho' experience muft regulate the quantity 
of powder, yet in general it may beobferved, 
that in proving a cannon, the charge may be much 
greater than in battle, or when the cannon grows 
hot. 

a. The bullet muft enter eafily, left it damage 
the metal in going out, or, it may be, burft the 
cannon. Care fliould therefore be likewife taken, 
that there be no inequalities iq the ball,, atleaii; 
that it will enter eafily every way. 

3. It would be eafy to burft a cannon, if after 
having put in the bullet fi, the wedge C be in- 
liauated of a fufficient.hardnefs'to rdTift the force 
of the ouliet, for. then the bullet cannot pafs 
virithout burfting the cannon. 



Prof* 
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P R o P. XL 

Of a Cannon* s heating^. 

1. When a cannon grows hot, it recoils with 
greater violence upon the carriage, becaufe the 
powder takes fire quicker, and in a greater quaa- 
tity. 

2. Although the powder ftrikes equally againft 
both the upper and lower parts of the cannon, 
yet notwithftanding it will recoil ; fmce it is not 
at liberty to move downwards j for the lower 
part being fore 'd againft the carriage, receives from 
that refinance a contrary motion (by Sup, 4*) 

3. The beat of the cannon commonly incrcafc* 
the velocity of the bullet; for that it caufes a^ 
greater quantity of powder to take fire tefore the 
bullet goes out of the cannon ; yet it may Hap- 
pen to ftiorten the carriage of the ball, if the 
cannon recoiling, falli again before the bullet gets 
out,; for that motion of the fall of the cannon 
being communicated to the bullet, very much 
diminiflies the length of its carriage, as Ihall be 
fhewn farther on. 

Prop. XTI. 

0/th£ horizontal Carriage of a Cannon. 

Let the cannon AB be difpofed 

horizontclly, the bullet B will not Fig. \b^ 

keep the horizontal line AfeC, but a 

curve line, which will carry it to the point D be- 

low the point C« 

Demonjl^ 
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DemonfiM The honwxfftA motion imprefs'd on 
the bullet by th^t powder^ not. being contrary to 
the motion of its ow^n gravity, will not deftroy 
it |. therefore the bullet will becs^rried downwards, 
being moved by a compounded motion, partly 
1)orizontal| and partly vertical, which will con* 
fequently carry it to the point D below the 
foint C, 

C O RO L LA R r. 

From> whence it follows,, that when a cannon 
ftems to carry point-blank, or to raife its firoke^. 
the line of aim is not parallel to the cavity of the 
cannon^ for then ita carriage would be too low. 

Rem a r k s. 

I. It is not neceilary to examine ]the nature of 
the line defcrlbed by the bullet in its paflage, it 
being demonflrable, that it would be parabolical,, 
if the refiftance of the air, or the dipe&ions of 
its own gravity, did not aiFed it. It is fufficient 
to know, that the line BD,.the paflkge of the 
bullet, is not the right line BFD. Let the right 
line BFD be therefore equally divided in the point 
F, and draw F£ parallel to CD, and FG paral* 
IcltoBC. 

Demonft. The line «£F being equal to the line 
GC, the bullet «411 take up the fame time in 
jiaffing from the point B to the line £F, by 
reafon of its horizontal motion, as in paffing 
from the Jine £F to the line CD ; therefore 
when it comes to the line EF, it will have de- 

fcended 
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fcended but the fourth part of the Krie CD 
(by Prop, 10. Mechan,) and n4t its half part EF. 
Therefore the paflage of the bullet will be above 
the point F. 

2- The greater the velocity of the bullet is,' the 
Jefs will be its defcent at the fame diftance ^ be* 
cau(e it takes up a lefs time in its pafTage, and 
the cjuantity of time determines the fpace or quan« 
tity of its defceot. So that the bullet which 
was carried from B to.D, would have been carried 
from B to H, if it had been thrown by the cannon 
with a double velocity ; becaufe it would then' 
have taken up but half the time in palSng from 
the point B to the line CD. 

J. Ifthe curve line of the bullet's patlage did 
not bring it to the ground, it Would not flop till 
the refilSncc oTfhc* air iiltirtly derfroycd its bori-' 
zontal motion, and its progrefs would confequent^ 
ly become immMfCfr 

4. H%a^l$miAtc]Eif#i2^salrcft0Oiie^Rotiief> &£« 

cbtdihg t6 theli^ feveral velocities ^ if no regard be 
Bad to the refiftance of the air. 

Demonft. If iri the faihe tiitie that one buUel^ 
pafles, by ks horizontal motion, from 
the point A to the line C£, another Fig* ij* 
bullet is only carried from the point A 
to the line BD ; if further, the firft bullet in it& 
paiTage from A towards C, falls upon the ground 
at the. point £, the other bullet falls equally, and 
ftrikes the earth at the point D ; confequently as 
AC tlje meafure of the velocity of the iirft buUet» 
will be the meafure of its carriage y fo AB the 

meafura 
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* 

Rvoafare of the velocity of the fecond bullet, will 
alfo be the ineafure of its carriage. 

Prop.. XIII/ 

Of the rejijiance^ of the Jir. 

I. The refiftance of the air retards the velocity 
of the bullet by the particles of the air repd- 



2. The refiftance of the air inreafes in a dupli- 
cate ratio of the velocity of the bullet ; for one 
bullet having twice the velocity of another, ftrikes 
againft a double quantity of air in the fame tLiiie» 
and likewife with a double force. 

' ■ • - , • _ _ 

3. The refiftance of the air diminifhcs the car- 
riage of a bullet in a duplicate ratio of its velocity ; 

Or it might have been thus, 

4. The refijlante of the air to thi carriage of dif 

ferent bullets^ .projeSfed mtb equal velocities^ is in 

proportion to the fquares 4if their diameters ^ but not 

to their mafs or quantities of matter ; thefe being in 

proportion to the cubes of^heir diamttefs. 



Dcmonjt. 
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Demonji The bullets A and B having 
the fame velocity, will find therefift- Fig. i8. 
ance of the air in proportion to the areas 
of the fpace each pafies through ; and therefore 
not in proportion to their malles or quantity of 
matter, 

COROLLART. 

Though the carriage of one cannon be given 
with all it$ circumflances, we cannot from thence 
determine the carriage of another exaftly, with- 
out regard to the refiftaiicc of the air, which can* 
not certainly- be known. 

5. The denfer the air, the greater the reiiftance, 
and the carriage of the bullet will be diminifhed' 
in proportition to fuch denfity, fince the bullet 
muft confequently ftrike againft a greater number 
of particles. 

6. If two equal bullets pafs through different 
mediums of air with different velocities, the re- 
fiftances they meet with will not be equal. But 
fuppofing the velocities reciprocally proportional 
to the denfities, the bullet which paJTes through 
the fpace of denfer air, will find Icfs refiftance in 
the fame proportion as. their velocities. 

,Demonft. If one of the bullets, pafs through 
air twice as thick as the other, and the other 
with double velocity to the firft, they will then 
both be ftruck with an equal number of particles 

of 



of air ; but the fecond will be firuck wul> a 
double force. 

COROLLART. 

V the bullets A' and B, equal in^very 
Fig. ig. rcfpcily are thrown with equal force, 
and the^ bullet A pailes through half 
its courfe in a thick air, and. the reft through a 
more refin'd air ; if oii the contrary^ the bullet B 
pafs at firft through a finer air, and continues, the 
reft of its courfe through a thick air ; thefe two 
bullets will find equal redftance, ^nd will be 
equal in their carriage, fuppofing the air A 
twice as thick as the air B. 

Demmji^ The bullet. A being come to the 
middle of the thick air, will be fo much^ over- 
come by the reiiftance it meets with, and will 
have loft fo mucH of its velocity as the bullet B^ 
at the end of the thin afr ; fince it wUl have 
firuck againft an equal number of particles, and 
with an equal force. Again, they will find an 
equal refiftance in the remainder of their courfe^ 
the bullet A in paffing through the remaining 
half of the thick air, and the bullet B in paffing^ 
through the 'firft half of the thick air. Furtheri 
the bullet A will find the fame refiftance in 
paffing through the thin air B, as the bullet B in 
paffing through the remainder of the thick air 
A- 

The ingenious Mr, Benj, Robins F. JR. S, has 

laUly publifl>ed new principles of gunnery ^ wherein 
be determines the force of gun*powdery and iwueJH^ 
gates the difference of the rejijiing power of theatric 
fwift andfhw motion 1 1 atidfhews ly feveral experi- 

ments^ 
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fnentSy that its refijiance to fwifi motions is vajilf 
greater than according; to the foregoing do^riniy which 
be Jay s^ holds true only injlow motions \ and that if 
the bullet has the velocity giveh to it e^alto the^no* 
tion of ijoo feet in onefecond of time {which he 
found by fever al very curious experiments made by 
the bullet impinging into a pendulum^ to be nearly 
the greateft velocity given to a mujket or a cannon 
ball) the reftftame of the air is greater than in tie 
do^rine of flow motions nearly in theratioqfj to n 
and that if the flight of a mufltet-ball of^ of an inch 
^^iameter^ fired with half its weight of powder^ from 
a piece 45 inches long^ with a velocity ejjual to 
I y 00 feet in i", was in the curve of a parabola j its 
barixontal range at j^^^ elevation would be about I7 
miles ; whereas all agree that this range is reauy 
fljort bf half a mile 5 therefore the track defcribedby 
fuch a bullet greatly differs from a parabola^ as it 
flies mt the -^ part of what it ought to do^ if moving 
in that curve ; and this contraction will not be won-^ 
der^datt when it JbaUbe conflderedj that^ the refiji'^ 
ancethe air gives to this bullet at itsfirji ijjiiingfrom 
tbepiece^ is about 120 times the weight oftbe bullet* 

He alfo proves that a cannon-ball of %\% fired 
with 1 6ft of powder (which is the ufual battering 
charge) acquires the velocity of about 1 650 feet in a 
fecond^ and the air* s refiftance to this baUy at its flrfi^ 
iffuingfrom thepiece^ is more than 20 times its weighty 
and that if the flight of this ball was in the curve of a 
parabola y its greateft borizaUal range would be about 
16 miles y nvhich is between^ andt times its rtal 
quantity^ as it will always fall Jbort of^ miles. 
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Prop. XIV. 

Of the refiftance of Water y and the reboundiags rf 

the Bullet thireim. 

Water makes a greater refiftance than air, both 
becAufe it is a more denfe body, and that its parts 
are more difficult to divide ; therefore bullets meet 
with fo great refiftance in water, that they fome- 
times rebound, and make, as it were, repeated 
leaps upon the furface of the water, as in the 
figure. 

Suppofe the bullet A, which is car- 
Fig* 20. ried againft the furface of the water JB, 
along the curve line AB inclined upon 
the fame furface* i. If the bullet was mthout 
weight, and the water folid at the point B, it 
would be forced back through the line BC, equal 
in every refpe£l to the line BA, fince its motion 
parallel to the water would remain the (ame, and 
the water would communicate to it a motion re* 
pellingit, equal to that with which it approached 
{by Sup. 4.) 

2. The water not being folid, the air preceding 
'the bullet, will make, as it were, a cavity in it, 
in fuch manner, that the bullet inftead of ftr iking 

it at the point B, will not meet with it 
Fig. 21. but at the point D ; or it will enter 

iptQ the water by fome. curve, line as 
DG, if it has force enough to divide it at the point 
D, as if it were thrown againft the water by a line 
lefs inclined. 

But 



I 
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fif the bullet is carried with fo much 
land fo obliquely againft the water, that 
divide it, it then receives a motion re- 
from the water with a force equal to 
which it approached it ; and in fuch cafe, 
let was without weight, it would be re- 
thc line DC equal in every refpe^i: to the 



weight of the bullet caufes the line DE, 

^hich it is repelled, to be much more irt- 

i'SLti the line DC ; fo that the bullet rifes 

)he water at the point F, .after having 

finder the water through the whole fpace 

I 

f 

I L E M M A I. 

^m the end A of the diameter AH, 

rn the lines AC, A£, extended Fig. 22. 

jclrcumference of the circle, and 

the points C£ be drawn the lines CD, 

Perpendicular to the diameter; the line AD 

^ to the line AG, as the fquare of Che line 

I the fquare of the line A£. 

monji. The fquare of AC is equal to the 
ks of AD and DC (by 47. i, EucL)^ znd 
{the fquare of DC is equal to the re£^angle 

f(by 32. 3. Eucl.) the fquare of AC will be 
to the fquare of AD, and the redtangle AD 
for it will be equal to the re£l:angle HAD : 
e fame manner the fquare of AE will be equal 
tee re6iangle HAG : But as the rcftangle.H 
f : is to the red^gle HAG : : AD : AG 

/ (by 
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(by I. 6. Eucl.) therefore as the Iquare of AC : 
fquare AO : : AD : AG. 

COROLLARr. 

Since (by Prop. lo. Mechan.) the defcents of 
heavy bodies are to one another, as the iquares <f 
their times ; if the times be ipeafured by the lino 
AC, A£ ; the defcents muft be meafured bf 
the lines AD, AG. Thus, fuppofihg that ii 
the tijne nieafured by AC, a heavy body in its 
defcent would pafs through the line AD ; then 
would it run through {be l|ne AG in the iicne 
meafured by A£. 

Lemma IL 

If the body A recfives at the point A 
Fig* 23. a motion upwards, which motion being 
progreffively deftroyed by gravity, 
ceafes'! at the point B ; it will be juft the fame 
time in its defcent from B to A, as it took up ii 
its afcent from A to B;'becaufe its motion of 
gravity will begin and tacreafe by the fame 
degrees, as its former motion decreafed and 
ended. 

COROLLARY, 

Suppofe the line AC elevated above 
Fig. 22. the horizontal line AB, and the bullet 

A thrown to the fame height, with t 
motion which would carry it to the point C in 
minute of time, if the ball was without weight 
but that by reafon of its gravity it defcends agaii 
to the point B in the vertical line CB i we m^ 

th 
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ihence deduce the following conrequences : i^ The 
ball will arrive at the point B in the fame time 
it would be in coming to the point C ; fince its 
gravity^ makes no alteration in its horizontal 
motion, which carries it from the vertical line 

! AH, to the vertical line BC* 2. The ball will 
take up one half of the faid time in its afcent, 
and the other half in its fall, {hy ^em, 2.) 

' 3. The ball will afcend but the fourth part of the 
line BC, or half th^t height it would have afcend- 
ed, in half the faid minute of time (by Pr^^. 10. 
Mechan.) if the motion caufing its afcent had con- 
tinued always equal, and its gravity had not in- 
fcnfibly overcome it. 

Prop. XV. 

SuppoTe from the mouth of a cannon 
A, whofe elevation is AC, a ball being Fig* 2a. 
thrown ihouid &II upon the point B of 
I the horizontal line AB. Draw AH and BC 
I perpendiculars upon the line AB, and from fome 
point as D, defcribe the circle ACH. I fay, that 
I if the cannon be fet to any other elevation as 
AE, every other particular remaining the fame, 
the line £F perpendicular to AB, will determine 
the point F, where the ball will fall. 

^ Demon/i. Since the ball, at the elevation AC, 
I falls upon the point B, it mud needs be that 
\ during half the time it would take up in paffing 
I through the line AC, if its gravity did notaffefk 
, it, its weight will caufe it to defcend the fourth 
C part of the line BC (by Cor. prec.) But if during 
i the time meafured by half the line AC, the ball 
^ Vol. I. , L • defcend* 
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defccnds one foujcth part of the line BC or DA ; 
then during the time meafured by half the line 
AE, it will alfo defcend one fourth part of the 
line AG or EF,; (by Lem. i.) therefor^ the 
point F will be the place where the ball will fall at 
. the elevation A£. 

Prop. XVI. 

Suppofe the line AK raifed above 
Fig. 24. the horizon A B, and the ball A 
having the elevation AC, to fall upon 
the point K : Draw AN perpendicular to AB, 
and KC parallel to AN.. Again, let AH be 
drawn perpendicular to AK, and from (bme point 
of the line AH, defcribe a circle ACH. I fay, 
thatifto the ball Abegiven any other elevation 
as AE, the line EF parallel to the line AN, 
will determine, the point F, where the ball will 
fall upon the line AK. Draw CD and £G» 
perpendiculars upon AH, which will cut AN 
in the points ML. 

Dimmjtn The fquare of AC 18 to the iquare 
of AE 5 as AD to AG (by Lent, i.) or as 
AM to AL (by 2. 6. Eucl) or as CK to EF. 
Therefore (by the prec.) if the ball A havtog 
the elevation AC fall upon the point K, it will 
fall upoji the point F, if it obtains the elevation 
A «• 

« 

Remark. 

If the carriage and elevatipn of a cannon be gi- 
ven, together with the plane upoA which the bai) 
aft 10 iaU 5 we have all others upon evepy^ kind 

of 
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of plane ; becaufe the force of a cannon may al- 
ways be meafured by the vertical line AN, which 
ought to be the fame whether the plane be hori- 
sonta) or not, fince the plane has no eflFe6i upofi 
the vertical carriage, .by which the ball is retufoed 
towards the point A* 

COROLLART. 

ft 

If the line KC be a tangent to the oifcle^ tbf 
line AK is the greateft carriage, and BAC the) 
angle of elevation equal to 45 Agrees, wkh half 
the angle of BAK ; for the angle CAK is equal 
to half the angle NAK, .which*is 45 degrees^ Ui^ 
half HAN, or BAK. 

• • . ...» 

From whence ts deduced this general rule T 

Tp have the greated carriage upon a plane eleva« 
led above the horizon, to the elevation of 45 de- 
gi«es, muft be added half the elevation of tb^ planv. 

- - • , . 

p»oF. XVII. \ ; . 

* ' 1 * • \ 

The fame reafoning holds good, 
when the line AK lies inclined below Fig, 25* 
the horizontal line AB, after having 
defcrib'd the femi^-cirde ACH, touching the Ime 
ixVam 



COROLLART^ 



I 1 



In the ianie manner. To have the greattjl car^^ 
riage AK, dedu^Jrom the elevation of 45 degreet 
baif the angle BAJSL 

L% Pa or. 



Prop. XVIFI. 

Of tbi Injiruments ufed to find the iUvation tf a 

Cannon, 

# 

I. Having a fquare of wood, or of 
Fig. 26. metal, as AB, one of wfiofe fides AC, 
let be prolonged at difcretion to D. 
From the point A9'^def4£:ribe the quadrant C£, 
in fuch manner that AB may be perpendicular to 
AD i then divide the quadrant EC as ufual, 
beginning from the point E, and let a plummet 
be hung upon the point A : Laftly, let the whole 
fquare A B be filled up with lines parallel to 
'ADy and equidiflant from one another. 

■ 

.2. To ufe this inftrument, put the 
Fig* 27. fide CD into ihe cannon, applying it 

dofe to the under fide of the cavity or 
ehafe, fo {h^U the plumb line AF fhew upon the 
arch EC, the angle FAE, equal to the angle 
ABF, the elevation of the cannon above die 
horizontal line BF. 

3. Befides the above, there may be 
Fig. 28* provided a fquare of pafte-board, or of 
metal, whofe fides GH, GI mufl be 
equal to the fides AC, AE of the other inftru- 
ment ; then defchbing upon GH a femt*circle, 
which fpace muft be cut avt^y and left open, and 
divide the fide GI into feveral^equal parts. 
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4. Its ufe is as follows; when you would de- 
termine the horizontal carriage, place 

the point G of the pafte- board upon Fig. 2^. 
the point A ofthe other inftrument, 
and the line GI, upon the fide AE ; fo (hall one 
of the parallels to the line AD, touching the 
optn femi-circle in the point K, fliew upon the 
icale GI} the greateft horizontal carriage at the 
elevation HK ; the other parallels will likewife 
fliew the other carriages upon the fcale GJ, with 
their correfpondent elevations. Having therefore 
fix'd upon a certain carriage, put the inftrument 
into the cannon, and raife the piece till the plumb 
line cuts upon the femi-circle GKH, the cor- 
refpondent elevation. 

5. When we defire to know carriages elevated 
above the horizontal, we place the fide 

GI of the pafte-board under the line Fig. 30. 
AE, fo that the angle EGI be the 
angle olF the carriage with the horizontal. If on 
the other hand, we would know a car- 
riage inclined below the horizon, we Fig* 31. 
elevate the line GI above the line AE, 
to the fame angle. All the reft is done as above. 

Remark. 

Carriages may be determined, not only by the 
greateft, as has been above laid down, but even 
by any other, whofe length and elevation is 
known, fince it only depends upon determining 
the value of the fcale GI. 

3 Prop* 
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P » o r. XIX. 

0/ the force efthe Ball againfi the Bedy itjifiket. 

I. It ^13 plain that a batl ftriking a body foo» 
after it pafies out of the mouth of a cannon (everj 
thing elfe being equal) will ftrike it with greater 
i)tce than after its motion \% diminiihed by the 
reftftanceoftbeair. 

2. If the ba}l A> at its paffing out of 
J^ig. yi0 the mouth of a cannon, immediately 

meets with the body B, it may happen^ 
that the air fbrc'd by the flaiAe coming out of the 
cannon, and comprefs'd agaioft the body B^ may 
repel the ball with a force that may leilen its 
fDOtion more than the air it would meet with at a 
little greater diftance^ and in , that cafe the ball 
will ftrike the body B withlefs force, than it would 
ftril^e the body C at a little greater diftance^ 
beyond the reach of the flame of the powder. 

3. If the ball A is carried againft 

F'*i* 33* ^^ ^^y ^^ ^" ^^^ perpendicular line 
AB, it will communicate its whole 
motion \ but if the ball pailes through the oblique 
tine AC, the motion it communicates will be 
only in the ratio of the line AC tb the line 
AD. 

CO RO L LA RT. 

From whence it follows, thai balls ftrike with 
more force againft rough ftones, than againft 
fmodth ones. 

Prop, 
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P R OP. XX. 

Of Mtrtars far hombarimentt^ 

Mortars are a fort of cannon ihorter 
and larger than tbofe before defcribed ; Fig, j^i, 
their ufe is to throw bombs, and car- 
cafes \ however, all that has been faid of other 
cannons may be applied ta thefe, and parti* 
cularly the rules given for determining their 
carriages and elevations ; what more peculiarlj? 
relates to them may be comprehended in~the foU 
lowing obfervations : 

I. Mortars ought to be very fliort, that the 
bomb may be placM in a proper fituation, that 
neither the fufe may be loft in rolling through the 
cannon, nor the bomb burft in its paflage, nor 
even retarded by rubbing againft the {^'it% of the 
cannon. 

4* Mortars commonly have chambers, that the 
powder may the fooner take fire in a greater 
quantity, there being no danger that fire Ihould 
remain in them unperceiv'd. 

3« Some mortars, as A, are fo contrived, as to 
be rais'd or deprefs'd upon their carriages, for the 
better regulating the difiance of their carriage;. 
but this fort of mortars are more liable to be dif-« 
mounted, and more difficult to be fix'd in battery. 

4. Mortars which, as B, are caft with their 
carriage, are generally more efteemed. They 
are commonly made to the elevation of 45 degrees, 

becaufe 
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becaufe that elevation gives the greateft hori2sontaI 
carriage. Never.thelefs, as mortars are often de- 
figned to throw bombs into places elevated above 
the plane they are fix'd. in^ I would advife the giv- 
ing thepfi a greater elevation upon their carriages : 
And if there be^ bccafion to lefien the carriage of 
(uch mprtars, it may be done by diminifhing the 
quantity of powder in their charging ;. which feems 
more natural than leiienlng the carriage,, by giving 
the mortar an elevation lefs proper ta throw the 
bomb. 
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